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ABSTRACT 

The  chromite  deposits  of  the  southern  Coast  Ranges  of  California,  comprising  the 
deposits  in  Contra  Costa,  Alameda,  Sau  Francisco,  San  Mateo,  Santa  Cruz,  Santa 
Clara,  Stanislaus,  San  Benito,  Monterey,  western  Fresno,  San  Luis  Obispo,  and 
Santa  Barbara  Counties,  had  yielded  a  total  of  almost  71,000  long  tons  of  chromite 
ore  and  concentrates  through  December  1945.  Of  this  total,  more  than  62,000  long 
tons  was  produced  from  San  Luis  Obispo  County,  placing  this  county  first  in  rank 
among  chiomite-producing  counties  in  California. 

The  production  of  chromite  from  many  of  the  deposits  has  been  less  than  100  long 
tons,  hut  five  deposits  have  yielded  more  than  2,000  long  tons.  The  largest  known  pro- 
duction of  chromite  in  the  southern  Coast  Ranges  is  from  the  Castro  mine  in  San  Luis 
Obispo  County  ;  nearly  29,000  long  tons  of  concentrates  and  lump  ore  have  been 
shipped  from  this  property. 

All  the  productive  chromite  deposits  of  the  southern  Coast  Ranges  occur  in  two 
extensive,  northwest-trending  blocks,  or  belts,  that  contain  large  areas  of  rocks  of  the 
Franciscan  formation  and  associated  ultramafic  intrusives.  One  of  these  blocks  lies 
to  the  west  of  the  "Xaeimiento"  fault  zone  in  western  Moutere.v  and  Sau  Luis  Obispo 
Counties,  and  the  other  block  lies  to  the  east  of  the  San  Andreas  fault  zone  in  the 
counties  ad.ioining  San  Francisco  Bay  and  southeast  through  Santa  Clara,  western 
Stanislaus,  San  Benito,  and  southeastern  Monterey  Counties.  An  iuterveuiag  block, 
made  up  largely  of  crystalline  rocks  of  pre-Franciscan  age  and  Cretaceous  and  Ter- 
tiary sedimentary  rocks,  contains  virtuall.v  no  Franciscan  rocks,  ultramafic  intrusives, 
or  chromite.  The  chromite  deposits  occur  only  in  the  ultramafic  rocks  and  in  serpentine 
derived  from  such  rocks. 

Most  of  the  chromite  ore  occurs  as  pods  of  massive,  crystalline  chromite  or  as  dis- 
seminated bodies  containing  dispersed  grains  of  chromite  in  dunite  or  peridotite.  In 
many  deposits  there  are  intergradatious  between  high-grade  massive  ore  and  low-grade 
disseminated  material.  Local  concentrations  of  chromite  have  been  developed  in  beach 
sands  and  stream  gravels,  and  as  residual  weathered  lumps  on  hillsides. 

INTRODUCTION 

The  chromite  deposits  of  the  southeru  Coast  Ranges  of  California, 
comprising  the  small  deposits  in  Santa  Clara,  Sau  Benito,  western 
Fresno,  and  Santa  Barbara  Counties  and  the  larger  deposits  of  Alameda, 
Stanislaus,  and  San  Luis  Obispo  Comities,  had  yielded  a  recorded  total 
of  almost  71,000  long  tons  of  chromite  ore  and  concentrates  through 
December  1945.  Other  occurrences  of  chromite  in  San  Francisco,  Contra 
Costa,  San  Mateo,  Santa  Cruz,  and  Monterey  Counties  have  yielded  no 
recorded  production.  San  Luis  Obispo  County  has  accounted  for  more 
than  62,000  long  tons,  placing  it  not  only  far  ahead  of  any  other  county 
in  the  southern  Coast  Ranges,  but  also  first  among  chromite-producing 
counties  in  California. 

Geography.  The  chromite  deposits  of  the  southern  Coast  Ranges,  as 
considered  in  this  report,  are  those  deposits  that  occur  in  the  Coast 
Ranges  geomorphic  province  south  of  the  San  Francisco  Bay  area.  A  few 
small  deposits,  located  in  areas  immediately  adjacent  on  the  east  to  the 
Coast  Ranges  geomorphic  province,  are  also  considered  in  this  report 
because  their  geographic  location  and  geologic  environment  are  closely 
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Figure  1.     Index  map  showing  general  area  covered  by  report,  and  major  physio- 
graphic features  of  the  southern  Coast  Ranges  of  California. 
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related  to  the  deposits  of  the  southern  Coast  Rang-es.  Included  are  tlie 
deposits  in  Alameda,  Contra  Costa,  San  Francisco,  San  Mateo,  Stanis- 
laus, and  Santa  Clara  Counties,  and,  to  the  south,  the  deposits  in  Santa 
Cruz,  San  Benito,  Monterey,  San  Luis  Obispo,  Santa  Barbara,  and  west- 
ern Fresno  Counties. 

The  southern  Coast  Eangcs  are  characterized  by  northwest-trending 
mountain  ranges  and  intervenijig  vallej^s,  whose  physiographic  expression 
is  largely  controlled  by  folds  and  faults.  Tlie  dominant  topographic  fea- 
tures of  the  area  are  the  Diablo  Range,  which  merges  into  the  Temblor 
Range  to  the  south,  the  Salinas  Valley,  and  on  the  west,  the  Santa  Cruz 
Mountains  and  the  Santa  Lucia  Range.  Maximum  relief  is  nearly  7,000 
feet ;  the  highest  and  most  rugged  terrain  is  in  the  Santa  Lucia  Range 
in  San  Luis  Obispo  and  Monterej^  Counties. 

The  counties  in  the  area  cover  more  than  14,500  square  miles  and  have 
a  total  population  of  more  than  2,600,000  (1950  census,  preliminary  esti- 
mate) of  which  more  than  2,000,000  are  concentrated  in  the  cities  near 
and  adjacent  to  the  San  Francisco  Bay  area.  Large  tracts  of  land,  par- 
ticularly in  the  Santa  Clara,  Salinas,  and  Santa  Maria  Valleys,  are  well- 
settled  and  devoted  to  intensive  agricultural  use ;  in  contrast,"large  tracts 
in  tlie  mountain  ranges  are  sparsely  settled  and  remote. 

The  climate  is  mild  throughout  "the  area ;  winters  are  rainy  and  cool, 
summers  are  dry  and  warm.  The  prevailing  winds  are  westerly  to  north- 
westerly from  the  Pacific  Ocean,  cooling  the  coastal  areas  in  summer  and 
warming  them  in  winter.  The  mountain  ranges,  which  parallel  the  coast, 
are  barriers  to  the  prevailing  winds,  so  that  temperatures  in  interior 
valleys  during  the  summer  are  high.  The  mountains  facing  the  ocean  are 
covered  with  thick  brush  and  locally  with  timber,  whereas  the  inland 
valleys  and  hills  are  grass-covered  or  nearly  barren.  Water  is  scarce  in 
much  of  the  area,  and  many  of  the  streams  are  intermittent. 

A  close  network  of  primary  and  secondary  roads  crisscrosses  the  val- 
leys, which  are  linked  from  north  to  south  by  State  Highway  1  along  the 
coast,  U.  S.  Highway  101  through  the  Santa  Clara,  Salinas,  San  Luis, 
Santa  Maria,  and  Santa  Ynez  Valleys,  and  State  Highway  33  along  the 
western  edge  of  the  San  Joaquin  Valley.  Good  transverse  roads  are 
widely  spaced,  however,  and  many  of  the  mountainous  areas,  particu- 
larly in  the  Santa  Lucia,  Diablo,  and  San  Rafael  Ranges,  lack  roads 
entirely  or  are  served  only  by  poor  dirt  roads  that  are  impassable  in  wet 
weather.  The  Southern  Pacific  Railroad  from  San  Francisco  follows  the 
Santa  Clara  Valley  south  to  Gilroy,  and  crosses  the  south  end  of  the  Santa 
Cruz  Mountains  to  Salinas.  From  Salinas  it  follows  the  Salinas  River  to 
Santa  Margarita,  crosses  the  Santa  Lucia  Range  to  San  Luis  Obispo  and 
parallels  the  coast  in  the  southern  part  of  San  Luis  Obispo  County  and 
m  Santa  Barbara  County. 

Field  Work  and  Acknowledgments.  This  report  is  based  in  part  on 
the  strategic  minerals  investigations  of  chromite  deposits  in  the  Pacific 
Coast  States  by  the  U.  S.  Geological  Survey  between  July  1938  and  May 
1945,  and  partly  on  unpublished  data  collected  by  members  of  the  U  S 
Bureau  of  Mines  and  the  U.  S.  Geological  Survey  during  AVorld  War  I 
The  strategic  minerals  investigations  included  detailed  mappin'v  of  the 
more  productive  deposits  in  San  Luis  Obispo  and  Santa  Barbara  Counties 
and  m  the  Del  Puerto  area  of  Stanislaus  County.  Many  of  the  deposits 
were  visited  several  times  as  development  work  at  the  liiines  prooressed 
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The  deposits  in  the  other  eouiities  of  the  soutlieru  Coast  Ran<?cs  are 
small  and,  with  few  exceptions,  have  been  inoperative  since  World  War  I, 
so  that  no  attempt  was  made  to  study  them  systematically  in  detail. 

Data  collected  during  the  stratefric  minerals  investigations  for  San 
Luis  Obispo  County  and  the  Del  Puerto  area  have  been  published,  in 
part,  in  two  U.  S.  Geological  Survey  reports.^  The  geology  of  the  deposits 
described  in  these  reports  was  studied  by  A.  E.  Bradbury,  A.  Brobecker, 
F.  W.  Cater,  A.  Drescher,  A.  B.  Griggs,  H.  E.  Hawkes,  Jr.,  J.  S.  Liver- 
more,  R.  H.  Merriam,  G.  A.  Rynearson,  C.  T.  Smith,  F.  G.  Wells,  and 
D.  P.  Wheeler,  Jr.  Much  of  this  work  was  done  under  the  immediate 
supervision  of  F.  G.  Wells.  Additional  unpublished  information  gath- 
ered by  these  men  has  been  freely  used  without  reference. 

Most  of  the  information  on  deposits  worked  during  World  War  I  is 
derived  from  unpublished  reports  by  E.  L.  Young,  of  the  U.  S.  Bureau 
of  Mines,  and  by  N.  L.  Taliaferro,  for  the  Committee  on  Geology  and 
Mineral  Resources,  California  State  Council  of  Defense ;  the  field  work 
for  these  reports  wa.s  done  in  1917  and  1918. 

Other  sources  of  information,  both  published  and  unpublished,  have 
been  used  in  the  preparation  of  this  report.  References  to  these  data  are 
included  at  appropriate  places. 

This  report  was  prepared  by  G.  W.  Walker,  who  was  ably  assisted  by 
W.  P.  Irwin  in  the  compilation  of  maps  and  tables.  Tlie  section  ou  rSau 
Luis  Obispo,  [Monterey,  and  Santa  Barbara  Counties  is  a  revised  version 
of  an  unpublished  report  that  was  originally  prepared  by  A.  B.  Griggs 
in  1944. 

During  the  strategic  minerals  investigations  the  personnel  of  the  Geo- 
logical Survey  received  many  helpful  suggestions  and  kindnesses  from 
individuals  and  from  organizations.  Mine  operators  and  owners  and 
members  of  the  U.  S.  Bureau  of  jMines  and  of  the  California  State  Divi- 
sion of  Mines  made  available  much  detailed  information,  which  is  grate- 
fully acknowledged. 

GENERAL  GEOLOGY 

The  geology  of  the  southern  Coast  Ranges  of  California  has  been 
mapped  only  in  part,  but  sufficient  maps  and  reports,  both  published  and 
unpublished,  are  available  to  establish  a  reasonably  accurate  record  of 
past  geologic  events  and  also  to  establish  an  adequate  background  for  a 
discussion" of  the  geologic  environment  of  the  chromite  deposits.  The 
southern  Coast  Ranges,  described  geologically  in  some  detail  by  Talia- 
ferro -  and  Reed,^  can  be  divided  into  three  major  northwest-trending 
blocks  or  belts ;  in  a  broad  sense,  two  of  these  blocks  are  geologically  sim- 
ilar and  consist  dominantly  of  rocks  of  the  Franciscan  formation,  associ- 
ated ultramafic  intrusives,  and  scattered  and  discontinuous  patches  of 
Cretaceous  and  Tertiary  sedimentary  rocks.  The  third  block,  which  is  be- 
tween the  other  two,  is  composed  largely  of  pre-Franciscan  crystalline 
rocks  and  Cretaceous  and  Tertiary  sedimentary  rocks.  South  of  the  Coast 

1  •-Smith    C    T     and  GrieKS.  A.  B.,  Chromite  deposits  near  San  Luis  Obispo,  San  Luis 
^bispoCounty  CaUfcrnia  :  U.  S.  Geol.  Survey  Bull.  94o-B,  pp.  .23-14   1944. 
Hawkes   H   E    Jr.,  Wells,  F.  G.,  and  Wheeler,  D.  P.,  Jr..  Chromite  and  quicltsilver  de- 
posits'of  the  Dei  Puerto  area.  Stanislaus  County,  California :  U.  S.  Geol.  Survey  Bull. 

=  TaUafS'ro,''N.^L"  Geologic  history  and  structure  of  the  central  Coast  Ranges  of  Cali- 

fnrnin  ■  ralitorniaDiv  Mines  Bull.  118.  pp.  119-163.  1941. 
»Reed,  R  b^  Geolo^of  Califw^       pp.  9-13,  27-59,  64,  74,  77-85.  Am.  Assoc.  Petroleun» 

Geologists,  1933. 
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Ranges,  in  Santa  Barbara  County,  the  lithology  and  structures  are  char- 
acteristic of  the  Transverse  Ranges  of  California.  Ultramafie  rocks,  in 
which  all  the  primary  chromite  deposits  are  found,  are  exposed  both  in 
the  Coast  Ranges  and  in  the  Transverse  Ranges,  but  all  the  deposits  with 
known  production  are  located  in  the  Coast  Ranges. 

The  old  crj-stalline  rocks,  or  basement  complex,  consist  of  quartzite, 
mica  schist,  amphibole  schist,  and  marble  of  the  Sur  series,  and  the  in- 
trusive Santa  Lucia  quartz  diorite.  These  rocks  crop  out  over  large  areas 
in  Monterey.  San  Luis  Obispo,  San  Benito,  and  Santa  Cruz  Counties,  and 
some  smaller  patches  are  exposed  in  the  adjoining  counties.  The  age  of 
this  complex  of  metamorphic  rocks  and  intrusive  quartz  diorite  is  un- 
Imown,  although  Taliaferro  "*  suggests  that  it  may  be  early  Paleozoic  or 
pre-Cambrian,  or  both.  The  next  oldest  rocks  belong  to  the  Franciscan 
formation  of  Jurassic ( ?)  age,  which  consists  chiefly  of  grajTvacke,  shale, 
and  altered  mafic  volcanics,  but  also  contains  minor  amounts  of  chert, 
limestone,  glaucophaue  schist,  and  actinolite  schist.  These  rocks  have  been 
folded,  intricately  intruded  by  ultramafie  and  mafic  rocks,  and  faulted. 
Although  many  areas  in  the  southern  Coast  Ranges  contain  rocks  of  the 
Franciscan  formation,  these  rocks  are  mainly  limited  to  the  Diablo  Range, 
the  San  Francisco  Peninsula,  and  the  Santa  Lucia  Range.  One  area  in  the 
Nipomo  quadrangle,  San  Luis  Obispo  County,  contains  rocks  that  are 
lithologieally  similar  to  the  rocks  of  the  Franciscan  formation  but  con- 
tain a  faunal  assemblage  characteristic  of  the  Knoxville  formation,  which 
is  presumably  of  Tithonian  (late  Jurassic)  age.''  Other  areas  in  which 
small  patches  of  the  Knoxville  formation  have  been  mapped  are  located 
in  western  Santa  Barbara  County,  San  Luis  Obispo  County,  and  else- 
where in  the  southern  Coast  Ranges. 

As  described  by  Fairbanks,''  Taliaferro,''  and  others,  the  ultramafie 
rocks  are  intrusive  into  the  Franciscan  and  Knoxville  formations,  but  the 
ultramafie  rocks  apparently  do  not  intrude  (except  for  younger,  plastic 
intrusions  of  highly  sheared  serpentine)  the  Cretaceous  and  Tertiary 
sedimentary  rocks.  As  all  chromite,  other  than  detrital  chromite,  occurs 
in  varieties  of  ultramafie  rocks,  or  in  their  alteration  product,  serpentine, 
the  search  for  chromite  ore  can  be  restricted  to  these  rocks.  The  ultra- 
mafic  rocks,  therefore,  are  described  in  more  detail  in  the  following 
pages. 

Younger  sedimentary  rocks,  which  range  in  age  from  early  Cretaceous 
to  Recent,  are  present  throughout  many  parts  of  the  area,  but  are  mainly 
concentrated  in  and  adjacent  to  the  Salinas  Valley  and  in  the  Santa 
Maria  drainage  area.  Thej'  include  a  wide  variety  of  sedimentary  rocks, 
though  predominantly  they  are  sandstone  and  shale.  Many  of  these 
younger  i-ocks  locally  contain  both  intrusive  and  extrusive  volcanics,  of 
compositions  ranging  from  rhyolitic  to  basaltic. 

Structurallj%  the  southern  Coast  Ranges  are  characterized  by  close 
folds  and  high-angle  faults,  both  with  northwesterly  trends.  The  San 
Andreas  fault  zone — a  great  northwest-trending  zone  of  dislocation 
that  traverses  the  entire  area — and  a  parallel  zone  of  complex  structures 
and  dislocation  commonly  called  the  Naeimiento  fault  zone,  cut  the  area 

*  Taliaferro,  N.  L.,  op.  cit,  pp.  121,  123. 
■^  Taliaferro,  N.  L.,  op.  cit.,  pp.  125-126. 

•  Fairbanks,  H.  W'.,  V.  S.  Geol.  Survey  Geol.  AUas,  San  Luis  folio  (no.  101),  p.  6.  1901. 
~  Taliaferro.  X.  L,.,  op.  cit.,  p.  127. 
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into  three  large  bloeks.  The  central  block,  bounded  on  the  east  by  the  San 
Andreas  fault  zone  and  on  the  west  by  the  Nacimiento  fault  zone,  con- 
sists of  pre-Franciscan  crystalline  rocks  and  Cretaceous  and  Tertiary 
sedimentary  rocks.  It  contains  virtually  no  rocks  of  the  Franciscan  forma- 
tion or  ultramafic  intrusives.  The  eastern  block,  bounded  on  the  west  by 
the  San  Autlreas  fault  zone  and  on  the  east  by  the  overlappino:  Tertiary 
and  Cretaceous  rocks  characteristic  of  the  Great  Valley  of  California, 
consists  larprely  of  rocks  of  the  Franciscan  formation,  associated  ultra- 
mafic  intrusives,  and  scattered  and  discontinuous  patches  of  post-Jurassic 
rocks ;  it  contains  none  of  the  crystalline  rocks  characteristic  of  the  cen- 
tral block.  The  western  block,  bounded  on  the  east  by  the  Nacimiento 
fault  zone,  consists,  like  the  eastern  block,  dominantly  of  Franciscan 
rocks.  The  western  and  central  block.s — and  to  a  limited  extent  the  eastern 
block — are  subdivided  into  narrower  strips  by  numerous,  more  or  less 
parallel,  shorter  faults,  most  of  which  trend  N.  30°-40°  W.  In  the 
western  and  eastern  blocks,  sheetlike  masses  of  ultramafic  rocks  com- 
monly occur  in  these  zones  of  dislocation.  As  only  old  crystalline  rocks 
and  younger  sedimentary  rocks  crop  out  in  the  central  block,  the  fold- 
ing in  these  rocks  need  not  be  considered  here.  On  the  other  hand,  folds 
in  the  Franciscan  formation  exposed  in  the  other  two  blocks  are  inti- 
mately related  to  the  distribution  of  some  ultramafic  masses  and  are, 
therefore,  important  in  the  distribution  of  chromite.  Some  ultramafic 
bodies  have  been  intruded  along  the  axial  parts  of  anticlinal  folds,  as 
for  example  those  east  of  Parkfield  (Monterey  County),  south  of  New 
Idria  (San  Benito  County),  and  in  the  Del  Puerto  area  (Santa  Clara  and 
Stanislaus  Counties). 

Ultramafic  Rocks 

Numerous  and  widely  distributed  intrusive  bodies  of  ultramafic  rock 
are  exposed  in  the  southern  Coast  Ranges  of  California.  Most  of  these 
rocks  commonly  have  been  called  serpentine,  because  they  are  almost 
completely  altered  to  minerals  of  the  serpentine  group ;  in  some  ultra- 
mafic masses,  however,  relict  textures  and  minerals  are  sufficiently  well 
preserved  that  a  distinction  can  be  made  among  the  varieties  of  ultra- 
mafic rock  exposed.  Other  ultramafic  bodies  are  so  thoroughly  altered 
or  sheared,  or  both,  that  it  is  not  possible  to  distinguish  the  original 
characteristics  of  the  parent  rock.  In  outcrops  where  the  primary  tex- 
tures and  minerals  are  evident  it  has  been  possible  to  identify  peridotite, 
saxonite,  dunite,  Iherzolite,  and  pyroxenite.  All  of  these  iiltramafie  rocks, 
whether  altered  or  unaltered,  sheared  or  unsheared,  invariably  contain 
chromite  as  an  accessorj^  mineral ;  but  in  areas  where  the  variety  of  ultra- 
mafic rock  is  known,  it  has  been  found,  with  but  few  exceptions,  that  the 
chromite  deposits  of  noteworthy  size  are  restricted  to  dunite  masses. 
In  this  report  an  ultramafic  rock  is  designated  by  its  varietal  name  where 
the  parent  rock  has  been  recognized;  otherwise  the  rock  is  called  ser- 
pentine. 

Lithology.  Peridotite  is  a  erj^stalline  ultramafic  rock  consisting  of 
olivine  and  a  pyroxene,  with  little  or  no  feldspar.  Pyroxenite  differs 
from  peridotite  in  lacking  olivine ;  it  contains  about  95  percent  pyroxene. 
Varieties  of  peridotite  include  saxonite,  dunite,  and  Iherzolite.  In  the 
variety  called  saxonite,  the  pyroxene  consists  principally  of  enstatite. 
The  variety  containing  95  percent  or  more  of  olivine  is  called  dunite. 
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Lherzolite  contains  in  addition  to  olivine,  both  orthorhombic  and  mono- 
elinie  pj-roxenes. 

Where  fresh  or  only  slightly  altered,  the  varieties  of  ultramafie  rock 
can  be  distinguished  by  the  mineral  content.  In  the  southern  Coast 
Ranges,  however,  most  of  these  rocks  have  been  thoroughly  serpentinized ; 
the  primary  minerals  have  altered  to  minerals  of  the  serpentine  group, 
and  the  alteration  has  obscured  the  primary  minerals  and  textures. 
Furthermore,  intense  shearing  in  many  ultramafie  bodies  has  completely 
obliterated  the  original  characteristics  of  the  parent  rock.  Even  where 
altered,  however,  some  of  these  rocks  can  be  distinguished  in  the  field 
by  the  following  criteria.  Olivine  alters  to  serpophite,  chrysotile,  or 
antigorite ;  all  these  minerals  weather  rapidly,  leaving  a  smooth  weathered 
surface.  On  the  other  hand,  pyroxene,  either  fresh  or  altered,  weathers 
less  rapidly,  so  that  weathered  rocks  containing  pjToxene  usually  show 
rough  surfaces  that  are  studded  with  crystals  of  enstatite,  or  its  pseudo- 
morph  bastite.  Dunite,  because  of  its  high  olivine  content,  weathers  to 
smooth  surfaces  that  are  commonly  the  color  of  buckskin.  Saxonite,  which 
contains  both  olivine  and  enstatite,  or  their  alteration  products,  weathers 
to  a  brownish-red,  irregular  surface,  from  which  ragged  crystals  of  the 
pyroxene  stand  out.  On  freshly  broken  surfaces,  both  serpentinized  dunite 
and  saxonite  are  dark  grayish-green  to  black,  but  the  saxonite  nearly  al- 
wa.ys  can  be  distinguished  by  the  cleavage  faces  on  the  enstatite  or 
bastite. 

Alteration.  Many  of  the  bodies  of  ultramafie  rock  are  serpentinized ; 
the  olivine  has  altered  to  serpophite,  fibrous  chrysotile,  antigorite,  and 
magnetite,  and  the  estatite  to  bastite.  The  resulting  rock,  where  fresh,  is 
typically  dark  greenish  gray  to  almost  black ;  it  weathers  to  lighter  shades 
of  gray  or  green  and  locally,  where  oxidized,  to  reddish  brown.  The  ser- 
pentine is  an  incompetent  rock,  readily  sheared  and  broken  into  frag- 
ments that  have  lustrous  dark-green  slickensided  surfaces ;  highly  sheared 
serpentine  is  called  "slickentite. "  Magnesite  is  commonly  found  in 
serpentinized  ultramafie  rocks,  particularly  in  zones  of  shearing  and 
brecciation.  Also  along  zones  of  shearing,  hydrothermal  solutions  have 
locally  altered  the  serpentine  to  silica-carbonate  rock,  which  consists  of 
silica  in  the  form  of  quartz,  chalcedony,  or  opal,  together  with  magnesium 
and  calcium  carbonates. 

Distribution  and  Structure.  Ultramafie  rocks,  or  their  altered  equiva- 
lents, occur  as  irregular,  elongate  masses  and,  locally,  as  elliptical  bodies 
in  most  areas  in  the  Coast  Ranges  where  the  Franciscan  formation  is 
exposed.  Data  on  the  distribution,  size,  and  shape  of  these  bodies,  as  they 
are  shown  on  plates  1-5,  have  been  obtained  from  many  published  and 
unpublished  sources.  The  more  important  sources  are  from  Fairbanks,^ 
Fiedler,9  Reiehe,"  Taliaferro,"  Trask,!^  Huey,!^  Eckel  et  al,"  Waring,i« 

"Fairbanks,  H.  W.,  U.  S.  Geol.  Survey  Geol.  Atlas,  San  Luis  folio  (no.  101),  14  pp.,  1904. 
'Fiedler,  W.  M.,  Geology  of  the  Jamesburg  quadrangle,  Monterey  County,  California: 

California  Jour.  Mines  and  Geology,  vol.  40.  no.  2,  pp.  177-230,  1944. 
"  Reiche,  Parry.  Geology  of  the  Lucia  quadrangle,  California  :  Univ.  California  Dept. 

Geol.  Sci.,  Bull.,  vol.  24,  pp.  115-168,  1937. 
"  Taliaferro,  N.  L.,   Geology  of  the  HoUister  quadrangle,   California  :  California  Div. 

Mines  Bull.  143,   in  press;  geologic  map  published,  1949.  Unpublished  maps  of  the 

Cape  San  Martin,  Bryson,  San  Simeon,  Adelaida,  and  Nipomo  quadrangles  ;  some  of 

these  are  reconnaissance  only. 
^  Trasit,  P.  D.,  Geology  of  the  Point  Sur  quadrangle,  California  :  Univ.  California  Dept. 

Geol.  Sci.,  Bull.,  vol.  16,  pp.  119-1S6,  1926. 
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Dibblee,'"  Lawson,''  Crittenden.'®  Branner  et  al,'"  and  Bailey.-"  The 
position  and  shape  of  some  masses  were  taken  from  the  p:eolog:ic  map  of 
California.-'  jMost  of  the  bodies  of  ultramafie  rock  are  found  in  the  two 
extensive  bloeks  of  Franciscan  rocks,  which  are  described  in  the  section 
on  general  g^eolooy.  A  third  and  nnicli  less  extensive  belt  of  Franciscan 
rocks  is  exposed  in  the  San  Rafael  Jlountains  of  Santa  Barbara  County, 
bnt.  thoufrh  ultramafie  masses  occur  in  great  number  in  this  belt,  only 
a  few  have  been  mapped.  Other  discrete  masses  of  serpentine  or  perido- 
tite  crop  out  in  other  areas  in  the  Coast  Ranges,  but  most  of  them  are 
small  and,  as  far  as  is  known,  they  contain  no  economic  chromite  deposits. 
!Many  of  the  masses,  both  large  and  small,  occur  in  zones  of  intense  shear- 
ing and  crushing. 

The  bodies  of  ultramafie  rock  range  from  small  patches  and  slivers  only 
a  few  square  feet  in  area  to  bodies  as  much  as  12J  miles  long  and  3  miles 
wide.  No  definite  correlation  has  been  made  between  the  size  of  a  chromite 
deposit  and  the  size  of  the  enclosing  ultramafie  mass ;  in  San  Luis  Obispo 
County,  however,  the  largest  chromite  deposits  have  been  found  in  the 
largest  ultramafie  masses. 

]\Iost  of  the  ultramafie  rocks  are  in  long,  attenuated  sill-like  masses 
that  trend  northwest,  parallel  to  the  other  major  structural  features. 
These  masses  commonly  occur  in  fault  zones  or  along  contacts  between 
tie  Franciscan  formation  and  other  rocks.  Locally,  however,  some  masses 
lUt  across  the  bedding  or  have  crosscutting  apophyses,  and  some  appear 
to  be  plugs.  A  number  of  small  serpentinized  llierzolite  plugs  cut  the 
Sur  series  in  northern  Monterey  County.--  These  apparently  are  barren 
or  contain  insignificant  quantities  of  chromite.  One  large  plug  that  crops 
out  on  Burro  ilonntain  in  southern  Monterey  Comity  has  been  mapped 
by  G.  L.  Bell.-^  The  plug  is  nearly  1^  miles  in  diameter  and  consists  of 
a  central  core  of  relatively  unaltered  harzburgite — essentialh*  the  same 
as  saxonite — with  a  thick  surroiinding  mantle  of  serpentine.  Larger 
elliptical  pluglike  bodies  occur  in  anticlinal  folds  in  the  Franciscan  belt 
east  of  the  San  Andreas  fault  zone.  All  these  bodies  of  ultramafie  rocks 
were  apparently  emplaced  both  b.y  intrusions  of  magma  or  erj'stal  mush 
into  pre-Mesozoic  and  Mesozoie  rocks  and  by  the  squeezing  upward  of 
highly  sheared  serpentinized  ultramafics  into  both  late  Mesozoie  and 
Tertiarv  rocks. 


"  Huey,  A.  S.,  Geology  of  the  Tesla  quadrangle,  California  :  California  Div.  Mines  Bull. 
140,  pp.  1-75,  1948. 

>'  Eckel,  E.  B.,  Yates.  R.  G.,  and  Grander,  A.  E.,  Quick.silver  deposits  in  San  Luis  Obispo 
County  and  southwestern  Monterey  County,  California :  U.  S.  Geol.  Survey  Bull. 
922-R,  pp.  515-5S0,  1941. 

''■  Waring,  C.  A.,  Petroleum  industry  of  California :  California  State  Min.  Eur.,  map  folio 
accompanying  Bull.  69,  pis.  2-5,  1915. 

'"  Dibblee,  T.  W.,  Jr.,  Geology  of  southwestern  Santa  Barbara  County,  California :  Cali- 
fornia Div.  Mines  Bull.  150,  pp.  1-95,  1950. 

"  Lawson,  A.  C,  U.  S.  Geol.  Survey  Geol.  Atlas,  San  Francisco  folio  (no.  193),  24  pp., 
1914. 

'*  Crittenden.  M.  D.,  Jr.,  Geology  of  the  San  Jose-Mt.  Hamilton  area,  California:  Cali- 
fornia Div.  Mines  Bull.  157,  74  pp.,  1951. 
Branner,  J.  C,  Newsom,  J.  F.,  and  Arnold,  Ralph,  U.  S.  Geol.  Survey  Geo!.  Atlas,  Santa 

Cruz  folio  (no.  Ifi?,),  1909. 
I'.ailev,  E.  H..  Quicksilver  deposit.'!  of  the  Parkfield  district,  California:   U.   S.  Geol. 
SurVev  Bull.  936-F,  pp.  143-169,  1942. 

-'  Jenkins,  O.  P.,  Geologic  map  of  California,  six  sheets,  scale  1  :o00,000,  California  Div. 
Mines,  1938. 

=  Fiedler,  V\".  M.,  op.  cit.,  p.  192,  fig.  30. 

=3  Bell,  G.  Iv.,  A  geologic  section  of  the  Santa  Lucia  Mountains,  Coast  Range,  California : 
Univ.  California,  unpublished  thesis  (M.A.),  (1940). 
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THE  CHROMITE   ORE 

Only  a  brief  discussion  of  the  chromite  ore  of  the  southern  Coast  Range 
deposits  will  be  presented  here,  because  detailed  descriptions  of  most  of 
the  more  important  occurrences  of  chromite  ore  have  been  given  in  pub- 
lished reports  by  Allen,-*  Smith  and  Griggs,'^  and  Ilawkes  et  al.-''  Some 
chemical  analyses  of  ore  samples  and  concentrates  are  presented  in  table 
1 ;  the  data  for  this  table  were  obtained  from  published  analj'ses  in  the 
above-mentioned  reports  by  Smith  and  Griggs  and  Hawkes  et  al.  An 
analyses  of  chromite  from  Cedar  Mountain,  Alameda  County,  was  pub- 
lished in  a  report  by  Kramm,-^  but  this  analysis  is  not  given  in  table  1. 

The  primary  chromite  ore  is  principally  of  two  intergrading  types : 
chromite  grains  dispersed  in  the  ultramafic  host  rock,  and  dense  aggre- 
gates of  chromite  crystals.  The  former  is  called  disseminated  ore  and  tlie 
latter  massive  ore.  Many  deposits  show  a  wide  range  in  the  concentration 
of  chromite  grains,  from  low-grade,  highly  disseminated  ore  to  minable 
bodies  of  high-grade,  massive  chromite ;  some  deposits,  however,  consist 
of  massive  ehi'omite  that  occurs  in  barren  dunite  with  no  gradational 
zone  or  with  a  very  narrow  one,  whereas  other  deposits  consist  only  of 
disseminated  ores  that  grade  outward  into  leaner  or  barren  dunite.  Com- 
monly other  chromium-bearing  minerals  are  found  in  small  quantities 
associated  with  the  chromite,  but  these  are  of  no  commercial  value.  They 

-•'  Allen.  J.  E.,  Geological  investigations  of  the  chromite  deposits  of  California  :  Cali- 
fornia Jour.  Mines  and  Geologv,  vol.  37,  pp.  101-167,  1941. 

^  Smith,  C.  T.,  and  Griggs,  A.  B.,  op.  cit.,  pp.  29-30. 

M  Hawkes,  H.  E.,  Jr.,  Wells,  F.  G.,  and  Wheeler,  D.  P.,  Jr.,  op.  cit..  pp.  91 -do. 

^  Kramm,  H.  E.,  Serpentines  of  the  central  coast  ranges  of  California  ;  Am.  Ph.  Soc, 
Proc,  vol.  49,  pp.  315-349,  1910. 


Table  1. 


Analyses  of  chromite  ore  and  concentrates  from  Stanislaus  and  San  Jjiiis 
Obispo  Counties   (in  percent)   (R.  E.  Stevens,  analyst). 


Property 


1  .\dobe  Canyon 

2  Black  Bart 

3  E.  Black  Bart- _. 

4  No.  5  mine 

1  Pick  and  Shovel  mine.. 

2  Pick  and  Siiovel  mine 

3  Pick  and  Shovel  mine.. 

4  Sweetwater  mine 

5  Sweetwater  mine 

6  Sweetwater  mine 

7  Eucalyptus  No.  1  claim 

8  Castro  mine 

9  Seeley  property 

10  Seeley  claims 

11  Seeley  claims 

12  Trinidad  mine 

13  Norcross  mine 


Crude  ore 


Chromite         Cr.Q 


Concentrate 


Cr.Qj 


Stanislaus  County* 
68  40.8.5       I     60.00 

71  30. .50       I     42.70 

35  14.50  41.03 

S3  30.70       I     .57.62 

San  Luis  Obispo  County** 


88 
74 
47 
84 
29 
86 
70 
66 
14 
13 
23 
18 
37 


48.10 

38.90 

25.40 

42.80 

15.50 

45.40 

38.50 

30.80 

7.10 

7.60 

12.60 

8.30 

19.10 


54.85 
52.87 
54.68 
.50.77 
52.58 
52.59 
54.65 
47.02 
50.30 
56.47 
54 .  65 
45.78 
51.45 


Cr 


41.08 

29.21 
28.10 
39.43 


37 .  54 
36.19 
37.42 
34.73 
35.98 
35.99 
.37.40 
32.18 
34.42 
38.65 
37.40 
31.31 
35.21 


Fe 


13.00 
11.62 

13.51 
16.36 


11.75 
12.56 
13.49 
13.52 
14.30 
13.12 
13.76 
13.28 
15.47 
14.41 
13.74 
14.39 
13.81 


Ci.Fe 


3.16 
2.52 
2.08 
2.41 


3.19 
2.88 


2.52 
2.74 
2.72 
2.42 
2.23 
2.68 
2.72 
2.18 
2.55 


'  Data  originally  puljlkhed  in  Hawkes.  H.  E.,  Jr..  Wells,  F.  C,  and  Wheeler.  D.  P..  Jr..  riironiitc  and  quicksilver 
deposits  of  the  Del  Puerto  area,  Stanislaus  County,  California:  V.  S.  Geol.  Survey  Bull.  936-0.  p.  91,  1942. 

'  Data  originally  published  In  Smith,  C.  I.,  and  Origgs.  A.  B.,  Chromite  deposits  near  San  Luis  Obispo,  San  Luis 
Obispo  County,  California:  U.  S.  Geol  Survey  BuU.  945-B.  p.  31,  1944. 
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Taile  2.     Annual  shipment*  of  chromite  ore  and  concentrates  from  the  southern 
Coast  Ranges  of  California,  by  counties,  1900-19^5  (in  long  tons).* 


Year 

Alameda 

San 
Benito 

San  Luis 
Obispo 

Santa 
Barbara 

Santa 
Clara 

Stanislaus 

Total 

Pre-1900 

984 

44 

350 
271 
167 

18 

39 

118 
18 

21,478 

1,945 

455 

9,935 

1,230 

99 

46 
24 

61 

47 

40 

86 
54 

100 

49 

h 

36 

5,070 

11,010 

10,672 

241 

44G 

99 
61 
84 
22 

16 
36 

179 

40 

49 

236 

12 

889 

745 

2,684 

140 
38 

22,641 

1900-07 

1908-11 

1912 

44 

1913-15 

1916       

3,224 

1917. 

1,520 

1918 

13,488 

1919 

1,239 

1920 

111 

1921 -. 

_. 

1922 -- 

46 

1923 - 

24 

1924 -- 

_. 

1925 

61 

1926 

47 

1927     - 

__ 

1928 

40 

1929         -    ... 

86 

1930 

54 

1931-32 

1933 --- 

100 

1934 

148 

1935.-. - 

61 

1936 

89 

1937     

58 

1938-39 

1940     .   . 

140 

1941 

54 

1942 

5,145 

1943 - 

1944 

11,010 
10,790 

1945     

259 

Totals,. 

1,816 

193 

62,692 

764 

516 

4,496 

70,477 

*  Production  figures  from  published  and  unpublished  records  of  U.  S.  Geological  Survey,  U.  S.  Bureau  of  Mines, 
and  Metals  Reserve  Co. 

include  the  emerald-green  chrome  garnet,  uvarovite,  and  the  lavender  to 
pink  micaceous  chlorite,  kammererite.  Secondary,  sedimentary  concentra- 
tions of  chromite  in  beach  sands  and  stream  gravels,  and  as  residual 
weathered  lumps  of  chromite  on  hillsides,  also  have  been  developed  to  a 
limited  extent  in  the  southern  Coast  Ranges. 

The  chromite  ore  bodies  are  all  in  close  association  with  masses  of  dun- 
ite  that  lie  within  the  larger  masses  of  peridotite.  These  ore  bodies  occur 
in  a  variety  of  shapes  and  sizes,  and  commonly  they  are  found  in  zones  of 
shearing.  Most  of  the  disseminated  ore  occurs  in  tabular  bodies,  some  of 
which  show  layers  of  nearly  barren  duuite  and  linear  streaks  of  chromite 
grains.  In  some  disseminated  ore  the  chromite  grains  are  concentrated 
into  small  clots  and  pods,  which  may  be  either  scattered  or  concentrated 
in  the  ultramafic  host  rock.  Massive  ore  occurs  in  lenses  or  pods,  in  string- 
ers or  seams,  and  in  irregular-shaped  bodies.  The  chromite  bodies  may  be 
a  few  inches  to  several  tens  of  feet  thick  and  as  much  as  200  feet  long. 

Production  and  Reserves 

More  than  130  chromite  mines  and  prospects,  of  which  75  or  more  are 
located  in  San  Luis  Obispo  County,  have  been  worked  intermittently 
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since  the  earliest  mining  of  chromite  in  the  southern  Coast  Ranges,  in  the 
1870 's.  According  to  Whitney,^^  the  occurrence  of  chromite  near  New 
Idria,  San  Benito  County,  was  known  in  1855,  but  there  is  no  record  of 
production  until  nearly  20  years  later.  Through  1945,  the  recorded  total 
lump  ore  and  concentrates  shipped  from  properties  in  the  southern  Coast 
Ranges  was  almost  71,000  long  tons,  of  which  more  than  62,000  long  tons 
was  produced  in  San  Luis  Obispo  Countj^  (table  2).  The  lump  ore  varied 
widely  in  grade  but  probably  averaged  about  45  percent  CraOa  with  a 
ehromium-iron  ratio  slightly  higher  than  2.5  to  1.  The  concentrates 
shipped  averaged  about  44  percent  CroOs  and  had  a  chromium-iron  ratio 
of  about  2.8  to  1.  Almost-pure  chromite  that  was  carefullj'  concentrated 
from  samples  of  disseminated  ore  from  San  Luis  Obispo  County  had 
CroOs  contents  ranging  from  4^  to  57  percent,  and  had  chromium-iron 
ratios  between  2.73  to  1  and  2.18  to  1.^" 

Most  of  the  kno\vn  deposits  containing  shipping-grade  ore  were  ex- 
hausted by  the  end  of  World  "War  I,  and  little  lump  ore  has  been  mined 
since  that  time.  Although  further  prospecting  near  the  larger  mined-out 
high-grade  deposits  might  locate  similar  deposits,  it  is  believed  that  fu- 
ture operations  will  be  limited  mainly  to  milling.  It  is  not  possible  to 
make  a  valid  estimate  of  the  total  reserves  of  disseminated  ore  in  the 
southern  Coast  Ranges;  in  1943,  however,  it  was  estimated  that  the 
known  deposits  in  San  Luis  Obispo  County  contained  35,000  tons  of  in- 
ferred ore  averaging  between  5  and  10  percent  Cr203.  Since  1943,  some 
of  these  reserves  have  been  depleted,  although  at  the  Castro  mine  a  new 
ore  body,  estimated  to  contain  considerable  ore,  is  reported  bj-  Durand 
A.  Hall.^"  Reserves  in  Stanislaus  County  are  estimated  to  be  about  1,800 
tons  of  ore  in  sight  averaging  10  to  15  percent  CroOs.  Production  of  chro- 
mite from  the  other  counties  in  the  southern  Coast  Ranges  practically 
ceased  after  World  War  I,  and  even  before  that  time  production  was 
small ;  so  present  reserves  are  probably  small. 

Guides  to  Prospecting 

Few  general  guides  to  prospecting  for  chromite  can  be  given  beyond 
the  well-known  one  that  notable  concentrations  of  primary  chromite  are 
confined  to  bodies  of  unaltered  or  altered  peridotite,  and  occurs  specifi- 
cally in  association  with  dunite.  Studies  that  have  been  made  of  peridotite 
bodies  have  failed  to  discover  any  rule  for  the  distribution  and  localiza- 
tion of  chromite  deposits  within  them.  Generallj-,  the  chromite  ore  bodies 
are  scattered  through  the  peridotite  with  little  apparent  system,  although 
commonly  the  zones  in  which  the  ore  bodies  occur  tend  to  lie  parallel  to 
the  trend  of  the  ultramafic  masses.  Further  study  may  yield  some  guides 
to  ore  localization,  and  therefore  a  chromite  deposit  should  always  be 
considered  in  relation  to  the  structure  of  its  host  mass  of  peridotite.  Pods 
of  massive  ore  are  most  commonly  found  in  zones  of  intense  shearing  and 
serpentinization  in  the  peridotite  masses.  The  margins  of  ultramafic  bod- 
ies commonly  tend  to  be  sheared  and  more  highly  serpentinized  because 
the  margins  mark  a  structural  discontinuity  and  a  zone  of  weakness. 
Marginal  areas  of  ultramafic  bodies  probably  were  also  deformed  and 
crushed  during  emplacement.  Other  zones  of  weakness  are  found  within 

2«  Whitney,  J.  D..  Geological  survey  of  California ;  Geology,  vol.  1,  Report  of  progress 

and  synopsis  of  field  work  from  1S60  to  1S64,  pp.  58-59,  1865. 
"  Smith,  C.  T.,  and  Griggs,  A.  B.,  op.  cit.,  p.  32. 
"I  Durand  A.  Hall  (president,  Castro  Chrome  Associates),  oral  communication. 
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the  peridotite  masses,  and  these  zones  I'ommonly  trend  northwest,  par- 
allel to  the  major  structures  of  the  region.  There  is  no  apparent  reason 
why  ore  sliould  occur  preferentially  in  these  zones,  but  the  fact  is  that  the 
largest  producing  deposits  in  the  southern  Coast  Ranges,  including  those 
near  San  Luis  Obispo,  are  in  tliese  zones  of  weakness.  Chromite  com- 
monly has  either  planar  or  linear  structure ;  this  is  true  of  both  the 
massive  ore  and  the  disseminated  ore.  Therefore,  extensions  of  massive 
ore  are  more  apt  to  occur  along  the  linear  axis  of  known  pods,  and  like- 
wise the  extensions  of  disseminated  ore  most  commonly  occur  along  the 
major  axis  of  a  body  of  disseminated  ore. 

DESCRIPTION  OF  THE   DEPOSITS 

The  better-known  chromite  deposits  of  the  southern  Coast  Ranges  are 
described  in  the  following  pages.  For  convenience,  the  deposits  are  ar- 
ranged alphabetically  by  counties,  which  are  likewise  arranged  alpha- 
betically. In  some  places,  however,  it  is  necessary  to  modify  this  alpha- 
betical arrangement  to  conform  to  the  natural  grouping  of  the  deposits 
within  the  ultramafic  bodies.  Each  deposit  is  described  under  the  most 
recent  name  known  for  the  property.  Correlation  of  the  old  and  new 
names  for  a  few  of  the  smaller  prospects  and  mines  that  have  been  worked 
intermittently  since  the  1880 's  or  1890 's  has  not  always  been  possible, 
however ;  so  the  same  deposit  may  be  treated  under  two  or  more  names.  In 
table  3  the  deposits  are  listed  alphabetically,  by  counties,  with  a  few  of  the 
alternate  names  cross-referenced.  Most  of  the  smaller  or  less  well  known 
deposits  are  also  listed  in  table  3,  although  they  are  not  described  indi- 
vidually. 

Alameda  County 

Most  of  the  chromite  deposits  of  Alameda  County  are  in  the  south- 
eastern corner  of  the  county  (see  pi.  1),  in  the  Tesla  quadrangle.  The 
deposits  occur  mainh'  in  the  serpentinized  ultramafic  rocks  that  crop  out 
along  Cedar  Mountain  Ridge.  In  this  area  some  of  the  ultramafic  bodies 
are  nearly  equidimensional,  such  as  the  serpentine  mass  near  the  summit 
of  Cedar  Mountain,  whereas  others  are  long,  attenuated  and  irregular- 
shaped  masses  that  are  aligned  in  a  west-northwest  direction,  parallel 
with  the  prevailing  structures  in  the  adjoining  Franciscan  formation. 
Chromite  is  found  as  irregular  lenses  and  stringers  and  locally  as  dis- 
seminated grains  in  the  sheared  serpentine. ^^ 

Chromite  was  first  mined  in  Alameda  County  shortly  after  1880 ;  since 
that  time  a  number  of  properties  have  been  operated  intermittently. 
Records  of  production  are  conflicting;  production  figures  range  from  a 
total  of  1,816  long  tons,  which  is  considered  a  reasonable  minimum  figure, 
to  a  maximum  of  nearly  7,000  tons.  Irelan  ^-  reported  that  prior  to  1888 
about  5,000  (short?)  tons  of  ore  had  been  shipped  from  the  Douglas  mine 
and  the  Cedar  Mountain  claim,  and  this,  plus  the  1,500  to  2,000  tons 
mined  between  1890  and  the  end  of  World  War  I,  would  make  the  total 
production  through  1919  nearly  7,000  tons.  Published  State  and  Federal 
production  records  do  not  substantiate  this  maximum  figure,  but  they  do 
iudicate  that  through  1885  about  400  long  tons  had  been  taken  from  the 


1  Huey,  A.  S.,  Geology  of  the  Tesla  quadrangle,  California:  California  Dlv.  Mines  Bull. 

140,  p.  59,  1948. 
^  Irelan,  William.  Jr. ;  California  State  Mln.  Bur.  Kept.  8,  p.  34, 1888. 
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Cedar  Mountain  claim.  No  ore  has  been  shipped  from  Alameda  County 
since  1919. 

Clark  Claim  (2)?^  The  Clark  claim  is  located  in  the  84  sec.  26,  T.  4 
S.,  R.  3  E.,  about  15  miles  southeast  of  Livermore,  the  nearest  shipping 
point.  During  World  War  I  the  property  was  owned  by  Vernon  Clark, 
of  Livermore ;  in  1916,  45  long  tons  of  ore  was  produced  by  the  Noble 
Electric  Steel  Co.  under  a  lease.  The  property  was  worked  by  an  inclined 
shaft ;  however,  in  1916  the  shaft  hit  water  and  subsequently  the  mine 
was  abandoned. 

Douglas  Mine  (4).  A  series  of  tunnels  and  open  cuts  expose  irregular 
veinlets  and  masses  of  ehromite  near  the  summit  of  Cedar  Mountain  in 
the  SW^  sec.  26,  T.  4  S.,  R.  3  E.  The  mine  is  located  near  the  southern 
margin  of  a  rudely  equidimensional  serpentine  mass  that  is  more  than  a 
mile  in  diameter.  The  property  was  known  as  the  Douglas  mine  in  1888, 
and  production  prior  to  this  date  is  reported  as  about  3,000  tons  of 
ehromite  ore.  This  production  figure  seems  too  large,  considering  that 
the  Alameda  ehromite  deposits  were  not  discovered  until  1882  or  later. 
From  data  available  in  1951  it  seems  possible  that  the  Douglas  mine  was 
the  same  property  that  was  later  called  the  Cedar  Mountain  claim,  the 
Mendenhall  mine,  and,  most  recenth-,  the  Newman  mine. 

Newman  Mine  (Cedar  Mountain  Claim  or  Mendenhall  Mine)  (3). 
The  Newman  mine,  also  known  as  the  Cedar  Mountain  claim  and  the 
Mendenhall  mine,  is  located  in  the  SE^  sec.  26,  T.  4  S.,  R.  3  E.,  near  the 
summit  of  Cedar  Mountain,  about  15  miles  southeast  of  Livermore. 
ehromite  was  first  discovered  on  this  property  about  1882,  and  nearlj- 
400  long  tons  of  ore  averaging  between  47  and  51  percent  CroOs  had  been 
mined  through  1885.  Workings  consisted  of  numerous  open  cuts  and 
adits  along  the  border  of  a  sheared  serpentine  mass.  The  pi-operty  has 
been  owned  and  operated  during  its  productive  histor,v  by  members  of 
the  Mendenhall  family  and  by  S.  V.  Newman.  In  1916,  the  Is'oble  Electric 
Steel  Co.  mined  and  shipped  several  hundred  tons  of  ore  under  a  lease. 
The  property  was  leased  to  J.  W.  Clark  and  D.  McDonald  in  October 
1917,  and  the.y  operated  the  mine  during  1918  and  1919.  Since  1919  the 
mine  has  been  inactive.  Total  production  from  the  property  is  probably 
between  1,000  and  1,500  long  tons  of  ehromite,  though  shipment  of  as 
much  as  3,000  long  tons  of  ore  has  been  reported. 

The  ehromite  occurs  as  irregular  lenses  and  stringers  and  locally  as 
disseminated  gi-ains  in  sheared  serpentine.  The  ore  is  commonly  soft  and 
friable  and  is  mostly  of  low  grade.  Some  higher-grade  and  more  compact 
ore,  however,  is  associated  with  the  friable  material. 

Contra  Costa,  San  Francisco,  and  San  Mateo  Counties 

ehromite  is  reported  to  occur  in  the  ultramafie  bodies  that  are  exposed 
in  Contra  Costa,^''  San  Francisco,^''  and  San  Mateo  ^®  Counties,  but  there 
is  no  recoi'd  of  any  production  of  chi'omite  from  these  counties.  In  Contra 
Costa  County  there  are  two  main  areas  in  which  pre-Upper  Cretaceous 
rocks  are  exposed ;  one  is  in  the  western  part  of  the  county  and  the  other 

^  Numbers  in  parentheses  refer  to  plate  1  and  table  3. 

«Liaizure,  C.  McK.,  Contra  Costa  County:  California  State  Min.  Bur.  Rept.  23,  p.  12, 

1927. 
»  Hanks,  H.  G. ;  California  State  Min,  Bur.  Kept.  4,  p.  137. 1S84. 
»  Hamilton,  Fletcher ;  California  State  Min.  Bur.  Rept.  17,  p.  172, 1921. 
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is  centrally  located  in  the  vicinity  of  Mount  Diablo.  In  the  pre-Cretaceous 
rocks  near  Mount  Diablo  an  irregular-shaped,  narrow,  4-mile-long  body 
of  ultramafic  rock  is  exposed.  Apparently  some  concentrations  of  chro- 
mite  have  been  found  within  this  body,  because  the  Mt.  Diablo  Develop- 
ment Co.  located  claims  prior  to  1927  in  T.  1  N.,  K.  1  W.,  and  called  the 
property  the  Mount  Zion  Chrome  mine.  A  little  development  work  was 
done  on  the  claims,  but  tliore  is  no  record  of  any  ore  shipments. 

Rocks  of  the  Franciscan  formation,  and  associated  ultramafic  bodies, 
are  brought  to  the  surface  along  the  northern  end  and  eastern  part  of 
the  San  Pi-ancisco  Peninsula  by  a  series  of  great  faults,  of  which  the  best 
known  is  the  San  Andreas  fault.  Only  younger  sedimentary  rocks, 
associated  volcanic  rocks,  and  quartz  diorite  crop  out  to  the  west  of  this 
zone  of  faulting  and,  therefore,  no  chromite  deposits  will  be  found  in 
the  area  west  of  this  zone.  In  the  area  east  of  the  zone  ultramafic  rocks 
occur  as  narrow,  elongate  bodies,  which  are  highly  sheared  and  serpen- 
tinized,  and  which  commonly  lie  along  faults.  Near  Crystal  Springs 
Reservoirs,  San  Mateo  County,  low-grade  chromite  ore  occurs  in  small 
bunches  in  the  serpentinized  ultramafic  masses  in  and  adjacent  to  the 
San  Andreas  fault  zone.  Chromite  has  also  been  found  on  the  beach  below 
the  outlet  from  Lake  Merced  in  San  Francisco  County,  but  these  deposits 
are  small  and  unsuitable  for  commercial  exploitation. 

Monterey  County 

The  geology  of  much  of  Monterey  County  is  little  known.  This  is 
specially  true  of  the  high,  rugged  Santa  Lucia  Range  west  of  the 
Nacimiento  River,  a  region  largely  inaccessible  by  road,  where  pre- 
Cretaceous  rocks  are  exposed.  Several  occurrences  of  chromite  have  been 
reported  from  the  accessible  edge  of  this  region.  Two  of  the  deposits,  the 
Daisy  (Aldelabran)  and  the  Evans  Ranch,  are  sufficiently  well  known  to 
be  described  here.  A  plug  of  fresh  saxonite  that  forms  Burro  Mountain, 
in  sec.  1,  T.  24  S.,  R.  6  E.,  does  not  contain  commercial  concentrations  of 
chromite,  but  it  is  not  unreasonable  to  assume  that  other  ultramafic  bodies 
containing  chromite  deposits  could  be  found.  Ultramafic  bodies  crop  out 
on  Table  Mountain  in  the  southeast  corner  of  the  county  and  are  reported 
to  contain  small  quantities  of  chromite,  but  little  is  known  about  these  oc- 
currences. It  is  unlikely  that  chromite  deposits  will  be  found  in  the  re- 
mainder of  the  county,  as  it  is  underlain,  as  far  as  known,  by  pre-Fran- 
ciscan  crystalline  rocks  and  post-Franciscan  sedimentary  rocks.  No 
production  has  been  recorded  from  any  of  tlie  chromite  deposits  in  the 
count.v. 

Daisy  (Aldelabran)  Deposit  (12).  The  Daisy  chromite  deposit  is  in 
the  SWi  sec.  29,  T.  23  S.,  R.  6  E.,  on  the  northeast  side  of  Los  Burros 
Creek  at  an  altitude  of  about  2,300  feet.  The  nearest  shipping  point  is 
King  City,  40  miles  to  the  northeast  by  road  and  trail ;  30  miles  of  this 
di.stance  is  paved  road.  2  miles  is  dirt  road,  and  8  miles  is  trail. 

The  ore  bodies  are  in  a  small  sill-like  mass  of  serpentine  100  to  300  feet 
wide  and  500  to  600  feet  long,  striking  N.  60°  to  70°  W.  and  dipping 
60°  to  80°  NE.  The  ore  occurs  as  a  series  of  pods  and  stringers  of  high- 
grade  chromite  that  roughly  parallel  the  strike  and  dip  of  the  serpentine 
body  (fig.  2).  The  pods  are  restricted  to  a  zone  about  200  feet  long, 
roughly  parallel  to  the  slope  of  the  hill,  with  a  vertical  distance  of  about 
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By   G.  A.  Ryneorson,    i942 
Figure  2.     Sketch  map  of  the  Daisy  (Aldelabran)  chromite  deposit. 

50  feet  between  the  highest  and  lowest  pods.  The  grade  of  the  ore  is  esti- 
mated at  between  45  and  50  percent  C'roO.s. 

Evans  Ranch  Deposit  (13).  An  appreciable  amount  of  chromite  float 
is  exposed  within  an  area  10  feet  in  diameter  on  the  ranch  of  W.  J.  and 
J.  C.  Evans,  in  the  NWi  sec.  26,  T.  24  S.,  R.  6  B.,  on  the  northwest  side  of 
Devils  Canyon.  The  serpentine  dii-ectly  under  the  float  contains  grains 
of  disseminated  chromite,  and,  therefore,  it  seems  probable  that  the 
float  is  the  residual  remnant  of  a  small  ore  body. 

San  Benito  and  Western  Fresno  Counties 

The  chromite  deposits  of  San  Benito  and  western  Fresno  Counties  have 
been  grouped  in  this  report,  because  nearly  all  of  the  more  productive 
mines  and  deposits  are  located  in  a  single,  large  ultramafie  mass  that  is 
exposed  immediately  south  of  the  New  Idria  quicksilver  mine  on  the 
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boundary  between  the  two  counties  (pi.  3).  Other  chromite  deposits  in 
Fresno  County  are  found  mainly  in  the  larpe  uitraniafic  mass  exposed 
in  the  Watts  Valley  quadrangle  about  25  miles  northeast  of  Fresno  ;  these 
deposits  of  eastern  Fresno  County  have  been  described  in  detail  by 
Rynearson.*" 

Incomplete  records  of  chromite  mining  in  San  Benito  and  western 
Fresno  Counties  indicate  that  as  much  as  700  long  tons  of  chromite  may 
have  been  shipped  from  this  area  via  King  Citj',  Mendota.  and  Coalinga 
during  the  period  from  1917  to  1945.  The  most  productive  years  were 
during  "World  War  I  and  World  War  II;  between  1942  and  1945  about 
140  long  tons  of  ore  averasing  55  percent  CroO:,  was  shipped  to  the  IMctals 
Reserve  Co.  stockpiles  at  Tracy  (in  San  Joaquin  County)  and  Fresno,  and 
about  35  long  tons  was  shipped  elsewhere.  The  largest  producers  from 
this  area  have  been  the  Aurora  mine,  the  Hines  deposits,  the  Jeanne  mine, 
the  Tirado  Chrome  mine,  and  the  Valdez  Bros.  Chrome  mine ;  these  and 
other  deposits  are  listed  in  table  3. 

The  chromite  deposits  occur  in  a  serpentine  mass  that  is  12^  miles  long 
and  ranges  from  3  to  4i  miles  in  width.  It  consists  largely  of  dark-green 
to  brown,  commonly  strongly  sheared  serpentine  that  is  bounded  by  the 
Franciscan  formation  of  Jurassic  (?)  age  and  locally  by  the  Panoche 
formation  of  Cretaceous  age.  According  to  Eckel  and  Myers  **  the  chro- 
mite occurs  as  small  lenses  and  pods  in  the  highly  sheared  serpentine; 
most  of  these  pods  are  cut  by  slickensided  veinlets  of  the  emerald-green 
chrome  garnet,  uvarovite.  Much  of  the  exploited  chromite,  however,  was 
obtained  not  from  the  pods  but  from  float  boulders  that  had  weathered 
from  the  surrounding  serpentine  and  were  found  on  the  hillsides  and  in 
the  gravels  of  adjoining  creeks. 

San  Luis  Obispo  County 

San  Luis  Obispo  County  has  produced  a  total  of  more  than  62.000  long 
tons  of  chromite  ore,  and  thus  ranks  first  among  the  chromite-producing 
counties  of  California.  Prior  to  1915  the  total  production  of  chromite  was 
about  21.480  long  tons,  consistincr  largely  of  lump  ore  from  high-<rrade 
pods  and  lenses.  In  the  period  1916  to  1920.  approximately  13,670  long 
tons  of  lump  ore  and  concentrates  were  shipped.  Only  small  quantities 
of  ore  were  shipped  between  1920  and  1942,  but  the  increase  in  price  dur- 
ing World  War  II  renewed  minins  activity  and  the  yearly  production 
again  increased.  From  1942  to  1945  the  county  yielded  nearly  27,000 
long  tons  of  ore,  mostly  as  concentrates. 

The  chromite  is  invariably  associated  with  masses  of  dunitc  that  occur 
in  the  numerous  serpentinized  ultramafic  bodies  that  are  widely  distrib- 
uted in  a  northwest-trending  belt  of  the  Franciscan  formation  in  the  west- 
ern part  of  the  county.  The  ore  deposits  are  of  two  types :  massive  lenses 
of  granular  chromite  commonly  averaging  more  than  50  percent  CroOs 
(see  table  2),  and  somewhat  lower-grade  deposits  consisting  of  small  clots 
and  disseminated  grains  of  chromite  in  the  serpentinized  dunite. 

Mining  of  chromite  in  the  county  began  in  the  early  1870 's,  and  since 
that  time  more  than  75  mines  and  prospects  have  been  intermittently 

"  Rynearson,  G.  A.,  Chromite  deposits  of  Tulare  and  ea.'tern  Fresno  Counties,  Cali- 
fornia :   California  Div.  Mines  Bull.  134.  part  3.  chap.  3.  pp.  61-104,  1048. 

«  Eckel.  E.  B..  and  Myers,  W.  B.,  Quicksilver  deposits  of  the  New  Idria  district,  San 
Benito  and  Fresno  Counties,  California ;  California  Jour.  Mines  and  Geology,  vol. 
42,  no.  2,  p.  89,  1946. 
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active.  The  larger  properties  were  examined  in  1940  and  1941  by  the 
U.  S.  Geological  Survey,  and  they  are  described  in  a  report  by  Smith  and 
Griggs.3*  Detailed  results  of  sampling  and  assaying  of  chrom'ite  ore  from 
the  Sweetwater,  Castro,  Trinidad,  New  London,  and  Hilltop  properties 
are  presented  in  a  report  by  the  U.  S.  Bureau  of  IVIines.*" 

The  chromite  deposits  of  San  Luis  Obispo  County  (pi.  4)  occur  in  four 
geographic  areas :  (1)  northern  San  Luis  Obispo  County,  which  includes 
all  the  deposits  as  far  south  as  Morro,  except  the  deposits  in  the  Cerro 
Alto-Cuesta  Pass  area;  (2)  Cerro  Alto-Cuesta  Pass  area,  which  includes 
all  the  deposits  in  the  large  mass  of  serpentine  from  4  to  12  miles  north 
of  San  Luis  Obispo;  (3)  San  Luis  Obispo-Arroyo  Grande  area,  which  in- 
cludes all  the  deposits  south  and  east  of  the  Cerro  Alto-Cuesta  Pass  area ; 
and  (4)  San  Luis  Range  area,  which  includes  the  deposits  west  and  south 
of  San  Luis  Obispo.  The  following  descriptions  of  some  of  the  larger  de- 
posits or  groups  of  deposits  are,  therefore,  given  alphabetically  by  geo- 
graphic areas.  Many  of  the  smaller  deposits,  though  not  described  in  de- 
tail, are  listed,  with  references,  in  table  3. 

Northern  San  Luis  Obispo  County 

Cienaga  Mine  (17) ."  The  Cienaga  mine  is  on  the  ranch  of  Pete  Quin- 
tana,  IJ  miles  east  of  Morro  and  a  quarter  of  a  mile  north  of  State  High- 
way 1.  The  workings  consist  of  several  cuts  and  two  short  tunnels  from 
which  small  pods  of  massive  chromite,  a  ton  or  so  in  size,  have  been  re- 
moved. The  chromite  pods  lie  in  a  sheared  and  silicified  zone  in  serpentine 
that  strikes  N.  80°  W.  and  dips  steeply  to  the  north.  Chromite  float  has 
been  found  for  a  distance  of  1500  feet  along  the  outcrop  of  this  zone. 
When  Young  *^  visited  the  deposit  in  July  1918,  he  estimated  that  10  tons 
had  been  mined. 

Fitzhugh  Ranch  (Benton)  Deposits.  Franke  *^  lists  a  chromite  de- 
posit on  the  ranch  of  William  Fitzhugh  and  son.  12  miles  east  of  Cambria. 
It  is  probably  the  same  property  that  Young  **  describes  as  the  Benton, 
where  very  small  pods  of  chromite  were  scattered  for  120  feet  along  a 
shear  zone  in  serpentine.  A  few  tons  of  ore  was  taken  out  of  the  surface 
workings,  but  very  little  ore  was  found  in  the  350  feet  of  tunnels  dug 
beneath  the  open  cuts. 

Harris  Claims.  Young  describes  showings  of  chromite  on  two  claims 
located  by  Walter  R.  Harris  about  a  mile  apart,  6  and  7  miles  south  of 
the  Sands  Ranch,  in  San  Luis  Obispo  County,  just  south  of  the  Mon- 
terey County  line.  He  states  that  on  one  of  the  claims  a  band  of  dissem- 
inated chromite  30  feet  long  and  1|  feet  wide  was  exposed  in  an  open  cut 
and  on  the  other  a  stringer  of  nearly  massive  chromite  12  feet  long  and 
2  to  12  inches  wide  was  exposed  in  a  trench. 

"^"A'k"?;  '^V?"'  \'^'^  ^KW^- .^-  S-  Chromite  deposits  near  San  Luis  Obispo,  San  Luis 
«<=  Ob'spo  Co imt.v,  California:  U.  S.  Geol.  Survey  Bull.  945-B,  pp.  23-44,  1944. 
bmith,  M.  C,  and  Ricker,  S.,  Chromite  deposits:  Sweetwater,  Castro,  Trinidad,  New 

London,  and  Hilltop  mines.  San  Luis  Obispo  County,  California  :  U.  S.  Bur.  Mines 

Kept.  Inv.  4(83,  pp.  1-7,  1951. 
"  Numbers  in  parentheses  refer  to  plate  4  and  table  3. 
•-loung    E.  L.,  Unpublished  reports  for  U.  S.  Bur.  Mines  (191S),  in  files  of  California 

Uiv.  Mines. 

"  Franke,  H.  A.,  Mines  and  mineral  resources  of  San  Luis  Obispo  County.  California  • 
,.  „  California  Jour.  Mines  and  Geology,  vol.  31,  no.  4,  p.  412,  1935. 
"  Young.  E.  L.,  op.  cit. 
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Jitney  Mine  (8).  The  Jitney  mine  is  in  see.  32,  T.  28  S.,  R.  11  E.,  on 
the  ranch  of  T.  H.  Keys,  of  Morro,  Calif.  It  is  on  the  steep  north  slope 
of  Toro  Creek,  5  miles  above  its  mouth,  and  8  miles  from  Morro.  Two 
showings  of  chromite  opened  by  surface  cuts  yielded  40  tons  of  ore  dur- 
ing: the  early  days  of  minintr,  according  to  Young.  One  was  reopened  in 
1918,  and  was  found  to  contain  small  bunches  and  pods  of  massive  chro- 
mite in  an  intensely  sheared  zone,  about  10  feet  wide,  in  serpentine.  Mag- 
nesite  is  associated  with  the  chromite  in  the  sheared  zone.  Young  reported 
that  Si  long  tons  of  ore  bad  been  produced  during  the  first  half  of  1918, 
and  estimated  that  the  total  production  for  the  year  would  be  20  long  tons. 

Lnchessa  Banch  Deposit.  Young  reports  that  a  pod  of  chromite  was 
found  on  the  north  side  of  San  Simeon  Creek,  about  2  miles  from  its 
mouth,  on  the  ranch  of  A.  Luchessa.  The  ore  was  mined  out  to  a  depth 
of  12  feet,  and,  in  prospecting  further,  two  tunnels  and  an  open  cut  were 
dug,  but  very  little  chromite  was  found. 

Mahle  G.  Mine  (9).  The  Mable  G.  mine  is  said  to  have  been  located 
3  miles  northwest  of  Morro  on  the  hillside  east  of  State  Highway  1,  on 
land  that  was  owned  by  the  Lewis  Foundation  Corp.,  of  Atascadero.  A 
small  pod  of  massive  chromite  in  serpentine  was  found  by  tracing  float 
up  the  hillslope.  When  Young  visited  the  property  in  July  1918,  3  tons 
had  been  mined  and  a  small  amount  remained  in  the  pod. 

Middlemast  Ranch  Deposits  (7).  The  Middlemast  Ranch  deposits, 
which  have  been  mined  out,  consisted  of  three  small  lenses;  two  were 
near  the  center  of  sec.  25,  T.  28  S.,  R.  10  E.,  and  the  other  in  the  NE^SE^ 
sec.  30,  T.  28  S.,  R.  11  E.  Exposures  of  serpentine  in  this  vicinity  are 
very  small,  and  the  chances  of  finding  large  ore  bodies  are  regarded  as 
unfavorable. 

Mountain  Vie^v  Deposit  (16).  The  Mountain  View  deposit  is  in  the 
SW;|  sec.  23,  T.  29  S.,  R.  11  E.,  near  the  county  road  on  property  belong- 
ing to  E.  Caecia,  of  Morro.  A  narrow,  discontinuous  seam  of  chromite 
in  a  zone  of  fractured  sei'pentine  was  prospected  by  means  of  a  tunnel. 
Only  barren  serpentine  was  found  in  a  pit  dug  under  a  float  occurrence 
200  feet  down  the  hill  from  the  tunnel.  Less  than  100  pounds  of  chromite 
had  been  collected  when  Young  visited  the  property  in  July  1918. 

Ocean  View  Deposit.  The  Ocean  View  deposit  is  about  If  miles  north- 
east of  Morro  and  1  mile  north  of  the  county  road,  on  the  ranch  of  Pete 
Quintana.  Nodular  and  disseminated  chromite  was  found  in  a  sheared 
and  silicified  zone,  3  to  5  feet  wide,  in  serpentine.  Verj'  little  of  the  ore 
was  of  shipping  grade  and  only  2^  long  tons,  most  of  which  was  float, 
had  been  collected  when  Young  visited  the  property  in  July  1918. 

Peppard  Ranch  Deposit.  Young  reports  that  a  small  showing  of 
chromite  was  found  on  the  M.  T.  Peppard  Ranch  on  the  north  fork  of 
Santa  Rosa  Creek,  10  miles  east  of  Cambria,  in  the  same  narrow  and 
elongated  body  of  serpentine  as  the  Fitzhugh  Ranch  (Benton)  deposits. 

Pine  Mountain  Claims  (Chisholm  Mine  and  Old  Timer  Mine)  (5). 
The  Pine  Mountain  claims,  in  sees.  3  and  10,  T.  26  S.,  R.  8  E.,  are  de- 
scribed by  Logan  *^  and  Young  as  being  on  the  south  slope  of  Pine  Moun- 

^  LK)gan,  C.  A.,  Chromium,  in  Bradley,  W.  W.,  et  al..  Manganese  and  chromium  in  CaU- 
fornia :  California  Min.  Bur.  Bull.  76,  pp.  175-176,  1918. 
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tain  just  above  the  contact  between  shale  and  serpentine.  The  chromite 
occurs  in  small,  irregular  bunches  in  sheared  serpentine ;  the  largest 
body  observed  was  about  8  feet  long  and  2  feet  wide,  and  graded  from 
massive  to  disseminated  ore.  Up  to  July  1918,  total  shipment  was  45 
long  tons,  averaging  38  percent  CraOa.  An  additional  40  long  tons  was 
mined  and  readj'  to  be  shipped. 

Porta  Bros.  Ranch  Deposit.  A  small  deposit  of  disseminated  chromite 
was  found  on  the  Porta  Bros.  Ranch  about  three-fourths  of  a  mile  north 
of  San  Simeon  Creek,  4  miles  from  the  mouth  of  the  creek.  It  was  pros- 
pected in  1918,  but  the  ore  was  too  low  in  grade  for  direct  shipping  and 
too  small  in  quantity  to  justify  a  mill,  and  Young  did  not  believe  that 
any  ore  would  be  shipped. 

Rancho  Santa  Rita.  Several  small  occurrences  of  chromite  have  been 
found  within  a  northwest-trending  serpentine  area  about  600  feet  wide 
and  a  mile  long,  exposed  on  Rancho  Santa  Rita.  The  ranch  is  owned  by 
F.  Juhl,  G.  Juhl,  and  C.  Juhl,  of  Templeton,  and  is  9  miles  northeast  of 
Cayucos  on  the  Cayucos-Cambria  road.  Massive  chromite  occurs  in  pods 
of  about  2  tons  and  smaller.  Young  reported  that  3^  long  tons  had  been 
mined  up  to  July  1918. 

Rogers  Ranch  Deposit.  Scattered  pieces  of  chromite  float  were  found 
on  San  Simeon  Creek,  on  the  ranch  of  G.  E.  Rogers  and  C.  H.  Rogers,  of 
Cambria.  This  chromite  is  about  600  feet  west  of  the  Luchessa  Ranch 
deposit  in  the  same  serpentine  lens. 

Rogers  San  Carpojaro  Creek  Deposits  (2).  Three  showings  of  chro- 
mite were  located  by  G.  E.  Rogers  and  C.  H.  Rogers  on  their  ranch  on 
San  Carpojaro  Creek,  according  to  Young.  Large,  round  boulders  of 
chromite  float,  totaling  about  1  ton,  were  scattered  over  the  surface  near 
the  old  cabin  in  the  NW^  sec.  4,  T.  25  S.,  R.  7  E.  The  other  two  occur- 
rences are  in  sec.  5,  T.  25  S.,  R.  7  E.,  within  the  same  large  body  of  ser- 
pentine. One  was  described  as  an  outcrop  of  disseminated  chromite 
about  30  feet  in  diameter,  and. the  other  as  two  small  pods  of  massive 
chromite  in  a  shear  zone  in  serpentine,  which  could  be  traced  by  float 
for  800  feet.  No  development  work  had  been  done  at  these  three  localities 
when  Young  visited  them  in  1918. 

San  Carpojaro  Creek  Deposits  (Arroyo  La  Cruz,  Owl  No.  1,  and  Owl 
No.  2)  (4).  The  San  Carpojaro  Creek  deposits  are  in  sec.  12,  T.  25  S., 
R.  7  E.,  on  the  divide  between  San  Carpojaro  Creek  and  Arroyo  de  la 
Cruz,  at  an  altitude  of  2,150  feet.  A  pod  of  chromite  5  feet  wide  that 
Logan  had  observed  in  place  was  mined  out  by  the  time  Young  visited  the 
claims  in  1918,  but  Young  observed  another  showing  of  chromite  800 
feet  distant,  with  much  scattered  float  between. 

Zerfng  Ranch  (Old  Creek)  Deposit  (6).  A  caved  stope  and  drift  on 
the  Zerfing  (now  Old  Creek)  Ranch,  in  the  SE^  SEj  sec.  24,  T.  28  S.,  R. 
10  E.,  constituted  the  only  visible  remains  of  the  deposit  when  examined 
by  Griggs  *«  in  1941.  Logan,  in  1918,  described  the  deposit  as  a  streak  8 
inches  to  2  feet  wide,  about  60  feet  long,  and  striking  N.  60°  E.,  across 
the  old  Creek-Santa  Anita  road ;  he  reported  that  10  tons  of  ore  averag- 
ing 46  percent  CraOs  and  8  percent  SiOa  had  been  shipped. 

"■  Smith,  C.  T.,  and  Griggs,  A.  B.,  op.  cit,  p.  44. 


Chap.  2] 


SOUTHERN    COAST    RANGES 


59 


60  CHROMITE COAST   RANGES  [Bull.  134 Pt.  11 

Cerro  Alto-Cuesta  Pass  Area 

All  the  chromite  deposits  of  the  Cerro  Alto-Cuesta  Pass  area  occur  iu 
an  irregular  and  elongate  body  of  ultramafie  rocks  that  crops  out  for 
nearly  12  miles  along  the  summit  of  the  Santa  Lucia  Range  north  and 
northwest  of  San  Luis  Obispo.  The  ultramafie  body,  which  contains  many 
of  the  largest  known  chromite  deposits  in  the  southern  Coast  Ranges,  has 
been  thoroughly  broken  by  faulting  and  shearing.  Generally,  the  shear 
zones  trend  northwest,  parallel  to  the  trend  of  the  ultramafie  mass,  and 
commonly  the  chromite  deposits  are  rudely  aligned  along  the  zones.  Most 
of  the  known  chromite  ore  near  the  surface  has  been  exhausted,  but  in 
view  of  past  production  it  is  reasonable  to  assume  that  additional  ore 
bodies  can  be  found. 

Castro  Mine  (19).  The  Castro  mine  is  in  the  XWi  SEJ  see.  29,  T.  29 
S.,  R.  12  E.,  on  the  crest  of  a  spur  running  southwest  from  the  main  ridge 
of  the  Santa  Lucia  Range,  at  an  altitude  of  1,600  feet.  Castro  Chrome  As- 
sociates (Durand  A.  Hall,  president)  of  San  Francisco,  the  owners,  op- 
erated the  mine  from  May  1942  to  November  1944.  The  ore,  which  aver- 
aged about  20  percent  Cr203,  was  hauled  6  miles  to  their  mill  at  Goldtree 
Siding  (fig.  3).  During  the  2^  years  of  operation  they  produced  25,510 
dry  long  tons  of  concentrate  averaging  42  to  43  percent  CroOa  and  hav- 
ing a  chromium-iron  ratio  of  2.6-2.8  to  1 ;  they  also  shijjped  about  40  tons 
of  lump  oi'c  during  1943.  During  "World  War  I,  3,146  tons  of  concen- 
trates was  produced  at  the  Castro  mine  and  78  tons  was  produced  in  1933. 
Some  chromite  was  produced  between  1870  and  1890,  but  there  are  no 
production  figures  available  for  this  period.  Total  production  at  the 
Castro  mine  up  to  November  1944,  therefore,  is  in  excess  of  28,774  long 
tons. 

The  U.  S.  Geological  Survey  mapped  the  deposit  in  1939  and  on  its 
recommendation  the  L'.  S.  Bureau  of  Mines,  in  cooperation  with  the  Geo- 
logical Survey,  explored  the  deposit  in  1941.  The  results  of  this  work  are 
published  in  Geological  Survey  Bulletin  945-B  ■*'  and  Bureau  of  Mines 
Report  of  Investigations  4783.*^  At  that  time  six  separate  ore  bodies  were 
explored ;  only  three  of  these,  however — the  lower,  upper,  and  northern 
ore  bodies — were  of  any  size  (see  Smith  and  Griggs,  pi.  8).  Since  then, 
the  Castro  Chrome  Associates,  by  mining  and  further  exploration,  have 
found  extensions  of  the  three  largest  ore  bodies  and  have  discovered  five 
others.  The  relationship  of  these  new  ore  bodies  to  the  older  ore  bodies 
is  shown  on  plate  6.  A  roll  near  the  center  of  the  lower  ore  body  gave  it  a 
maximum  thickness  of  50  feet,  and  the  upper  and  northern  ore  bodies  were 
found  to  be  more  elongate  tlian  was  first  thought.  The  five  new  ore  bodies 
were  arbitrarily  numbered  1,  2,  3,  4,  and  5.  No.  1  was  a  flat-lying  tabular 
mass  that  thinned  from  a  thickness  of  15  feet  at  each  end  to  4  feet  near 
the  center.  Both  No.  2  and  No.  4  were  irregular,  blocklike  pods,  having 
maximum  thicknesses  of  10  and  20  feet,  respectively.  No.  3  was  an  irregu- 
lar, elongate,  wedge-shaped  mass  that  pinched  and  swelled  along  its 
length  from  a  maximum  of  30  feet  to  less  than  15  feet.  It  pitched  at  a  low 
angle  toward  the  northwest.  No.  5  was  a  thin,  sheetlike  mass  that  had  a 
maximum  thickness  of  only  4  feet. 


"  Smith,  C.  T.,  and  Griggs,  A.  B.,  op.  cit. 
•«  Smith,  ai.  C,  and  Ricker,  S.,  op.  cit 
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In  all  the  ore  bodies  the  ratio  of  chromite  to  serpentine  remained  nearly 
uniform,  averaging  about  50  percent  chromite.  The  only  exception  was 
the  near-massive  ore  commonly  found  along  the  edges  of  the  ore  bodies. 
Rodingite  (white)  dikes  cut  the  peripheries  of  the  ore  bodies  in  many 
places.  The  boundaries  of  the  five  new  ore  bodies  are  sharp. 

By  June  1944,  all  but  a  part  of  the  upper  ore  body  had  been  mined  out. 
Approximate  tonnages  of  ore  in  short  wet  tons  taken  out  of  each  body 
are  as  follows:  lower  ore  bodv,  .39,000;  northern  ore  bodv,  1,500;  upper 
ore  body.  (),()00 ;  No.  1,  4.000  ;"No.  2,  500 ;  No.  3,  10,000 ;  No.  4,  2,000 ;  No. 
5,  1,000.  In  11  holes  located  south  of  the  lower  ore  bod\'  and  drilled  to  a 
depth  of  50  feet,  only  barren  serpentine  was  struck.  According  to  Durand 
A.  Hall,*''  exploration  in  1945,  by  drilling  of  the  area  immediately  north 
of  the  lower  ore  bodj',  located  a  new  ore  body. 

Leitner  Claim  (19).  The  Leitner  claim  is  in  see.  29,  T.  29  S.,  R.  12  E., 
and  adjoins  the  Castro  mine  on  the  northwest.  Two  small  bodies  of  chro- 
mite in  sheared  serpentine  were  mined  out  duriug  "World  War  I. 

Colorado  Mine  (23).  The  Colorado  mine  lies  on  the  section  line  be- 
tween sec.  32  and  sec.  33,  T.  29  S.,  R.  12  E.,  on  the  Castro  mine  road, 
about  5  miles  from  Goldtree  Siding.  In  1918  the  property  was  owned  in 
part  by  P.  A.  H.  Arata  and  a  J\lr.  Palmer,  and  in  part  by  C.  E.  Walters. 
All  mining  activity  took  place  during  the  1880 's,  when  a  reported  1,200 
long  tons  of  chromite  was  produced.  This  figure  is  probably  high,  al- 
though the  open  cuts  are  large  enough  to  account  for  such  an  amount. 
The  ore  came  from  four  open  cuts  that  have  a  northwesterly  alignment 
over  a  distance  of  400  feet.  They  were  all  caved  in  1918,  and  no  chromite 
was  observed  in  place. 

El  Divisadero  Mine  (24).  The  El  Divisadero  mine  is  in  the  NW:^^ 
see.  33,  T.  29  S.,  R.  12  E.,  about  7  miles  (direct  line)  northwest  of  San 
Luis  Obispo.  It  is  a  patented  claim  that  was  listed  in  1935  as  belonging 
to  the  L.  H.  Butcher  Co.  of  San  Francisco.  Some  chromite  was  taken 
from  two  open  cuts  and  two  short  tunnels  at  the  southwesternmost  occur- 
rence, which  is  just  above  the  road  to  the  Castro  mine.  An  occurrence 
700  feet  to  the  north  is  indicated  by  three  open  cuts,  in  one  of  which 
a  stringer  of  ore  is  exposed,  and  a  tunnel  into  the  hill  below  the  cuts. 
At  a  third  occurrence,  a  band  of  disseminated  chromite  4  feet  wide  is 
exposed  in  the  larger  of  two  pits.  The  dumps  at  these  pits  contain  a 
considerable  amount  of  siliceous,  disseminated  ore,  from  which  the 
higher-grade  shipping  ore  had  been  selected.  A  fourth  occurrence,  600 
feet  north  of  the  third,  is  marked  by  a  cut  10  feet  deep  and  30  feet  long, 
with  a  shaft  at  the  deeper  end ;  the  cut  is  caved,  and  no  chromite  shows. 
The  onl}'  production  reported  is  about  5  tons,  shipped  in  1918.  Most  of 
it  was  material  sorted  out  of  the  dumps  and  float  collected  from  the 
hillside. 

El  Primero  (La  Primera)  Mine  (34).  The  El  Primero  mine  is  in 
sec.  33,  T.  29  S.,  R.  12  E.,  1,300  feet  north  of  the  New  London  mine.  It 
is  about  a  quarter  of  a  mile  east  of  the  Castro  mine  road,  and  5  miles  by 
road  from  Goldtree  Siding.  The  property  consists  of  one  patented  claim 
owned  by  the  L.  H.  Butcher  Co.,  of  San  Francisco.  A  series  of  cuts  aroimd 
the  nose  of  a  hill  has  uncovered  a  nearly  continuous  stringer  of  chromite 
over  a  distance  of  almost  200  feet.  The  stringer  is  a  few  inches  to  2  feet 

"  Oral  communication,  January,  1951. 
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wide;  its  strike  swings  from  northeast  to  northwest  and  it  dips  irreg- 
ularly toward  the  center  of  the  curve.  What  is  probably  a  continuation 
of  the  same  stringer  is  exposed  in  a  tunnel  40  feet  below  tlie  cuts.  The 
ore  is  soft,  granulated,  most  commonly  of  the  disseminated  type.  The 
mine  was  closed  down  in  1890,  after  a  reported  production  of  300  tons. 
It  was  briefly  active  early  in  1918,  when  25  tons  of  30  percent  ore  was 
shipped.  It  was  again  idle  in  July  1918,  when  Young  visited  the  property, 
and  has  remained  idle  ever  since. 

El  Salto  Mine  (24).  The  El  Salto  mine  is  in  the  Si  sec.  33,  T.  29  S., 
R.  12  E.,  about  7  miles  (direct  line)  northwest  of  San  Liiis  Obispo,  and 
just  below  the  Castro  mine  road.  It  consists  of  one  patented  mining 
claim  adjoining  the  southern  end  of  the  El  Divisadero  claim.  All  the 
chromite  produced  has  been  float  washed  from  the  surrounding  hills  and 
concentrated  in  the  deep  gully  that  crosses  the  claim.  Most  of  the  mining 
was  during  the  1880's;  the  only  subsequent  activity  was  in  1918,  when 
a  production  of  13  tons  was  reported. 

New  London  (London)  Mine  (34).  The  New  Loudon  mine  is  in  the 
SWiSEi  sec.  33,  T.  29  S.,  R.  12  E.,  on  the  west  side  of  a  steep  gully  of 
a  fork  of  Chorro  Creek,  at  an  altitude  of  1,125  feet.  It  is  owned  by 
Mrs.  Grace  Thornberg,  who  leased  it  to  the  Castro  Chrome  Associates 
in  1943.  They  took  2,460  tons  of  material,  which  averaged  about  6  per- 
cent CrnOa,  from  the  dumps  (fig.  4)  ;  from  this  material  the  Castro  mill 
recovered  more  than  200  long  tons  of  concentrates.  This,  plus  the  3,500 
long  tons  of  lump  ore  produced  during  World  War  I,  and  41  long  tons 
in  1936-37,  makes  a  recorded  total  of  about  3,750  long  tons  of  ore  and 
concentrates. 

Young  ^^  visited  the  property  in  June  1918,  when  the  underground 
workings  were  all  open.  In  his  field  notes  he  described  the  ore  body  as  a 
"large  zone  of  disseminated  ore  of  banded  structure.  The  form  of  the 
zone  and  of  the  better  bunches  of  ore  in  it  are  very  irregular.  The 
zone  appears  to  be  about  120  feet  long,  and  80  feet  wide.  Proven  depth 
of  100  feet.  General  dip  about  40°  to  the  north.  Strike  is  N.  65°  W. 
A  strong  rake  to  the  west  in  depth.  .  .  .  The  ore  is  a  granular  dis- 
seminated chrome  ore  with  a  serpentine  base.  .  .  .  The  grade  is 
sitfficiently  high  to  produce  shipping  ore  and  there  are  all  grades 
present  down  to  grades  too  poor  to  mill  .  .  .  and  the  general  aver- 
age of  the  ore  in  the  mine  as  it  would  be  mined  for  a  mill  is  about 
25  percent. ' ' 

A  plan  of  the  underground  workings  of  the  New  London  mine  has  been 
published  in  a  report  by  Smith  and  Griggs.*^  All  of  the  workings  are 
caved  and  inaccessible. 

Trinidad  (La  Trinidad)  Mine  (26).  The  Trinidad  mine  is  in  the  NE^ 
sec.  33,  T.  29  S.,  R.  12  E.,  on  the  southwest  slope  of  the  Santa  Lucia  Range, 
3|  miles  by  road  from  Goldtree  Siding.  The  property  is  owned  by  S.  L. 
Swartz,  of  San  Francisco,  who  leased  it  to  the  Castro  Chrome  Associates 
in  1943.  The  old  inclined  shaft  and  part  of  the  underground  workings 
were  then  reopened  (pi.  7),  and  48  tons  of  massive  ore  was  mined.  The 
only  ore  observed  in  place  in  the  reopened  workings  was  in  three  small 

^  Young,  E.  L.,  op.  cit. 

=1  Smith,  C.  T..  and  Griggs,  A.  B.,  op.  cit,,  pi.  14. 
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exposures  beneath  the  lagging  in  the  open  stope,  and  a  stringer  several 
inches  wide  and  8  feet  long  lying  horizontally  near  the  end  of  the  drift. 
During  1943  and  the  first  4  months  of  1944,  about  4,600  wet  short  tons  of 
dump  material  from  the  Trinidad  was  treated  at  the  Castro  mill;  this 
material  j'ielded  844  long  tons  of  concentrates,  which  averaged  45  percent 
Cr203  and  had  a  chromium-iron  ratio  of  3  to  1.  The  only  other  recorded 
production  is  804  long  tons  of  lump  ore  in  1918,  making  a  total  production 
of  852  tons  of  lump  ore  and  844  tons  of  concentrates.  The  mine  is  now  idle. 

Vulture  Mine  (10).  The  Vulture  mine  is  in  the  NWi  sec.  2,  T.  29  S., 
R.  11  E.,  on  a  steep  hill  of  serpentine  on  the  northwest  side  of  Morro 
Creek.  Very  small  pods  of  chromite  occur  in  a  northwest-trending  zone 
in  sheared  serpentine.  Less  than  a  ton  of  ore  had  been  dug  out  of  this 
zone,  over  a  distance  of  50  feet  and  to  a  depth  of  6  feet,  when  Young 
visited  the  mine  in  June  1918.  Two  tunnels,  one  115  feet  long  and  the 
other  85  feet  long,  were  driven  in  barren  serpentine. 

Pick  and  Shovel  Group 

Pick  and  Shovel  (Safety)  Mine  (32).  The  Pick  and  Shovel  mine  is  in 
the  SEi  see.  34,  T.  29  S.,  R.  12  E.,  near  the  headwaters  of  a  branch  of 
Chorro  Creek,  at  an  altitude  of  about  1,560  feet,  about  6  miles  by  road 
from  San  Luis  Obispo.  It  is  owned  by  Mrs.  Grace  Thornberg.  Large  ton- 
nages of  chromite  were  produced  from  the  Pick  and  Shovel  mine  between 
1870  and  1917,  but  detailed  records  of  production  for  this  period  are  not 
available.  The  recorded  production  from  1918  to  June  1944  is  2,079  long 
tons.  A.  H.  Wilde  and  associates  leased  the  property  and  in  1942  erected 
a  small  mill,  in  which  they  treated  95  tons  of  ore.  In  1943  thej'  subleased 
the  property  to  Ralph  Bisnett.  Total  production  from  1942  to  June  1944 
was  151  long  tons.  All  the  recent  mining  has  been  done  in  a  crosscut  in 
the  lowest  tunnel,  100  feet  from  the  portal,  where  remnants  of  an  irreg- 
ular zone  of  disseminated  and  massive  ore  are  exposed.  The  zone  appar- 
ently averaged  about  6  feet  in  width,  40  feet  in  length  and  12  feet  in 
depth,  and  had  a  strike  of  N.  58°  E.  and  a  dip  of  45°  NW.  At  one  place 
the  ore  has  been  stoped  to  the  surface.  A  plan  map  of  the  underground 
workings  of  the  Pick  and  Shovel  mine  and  a  geologic  map  of  the  surface 
are  published  in  a  report  by  Smith  and  Griggs.^-  The  mine  is  now  idle. 

Chorro  (Chorro  Creek,  London)  Mine  (29).  The  Chorro  mine  is  in 
the  NEi  sec.  34,  T.  29  S.,  R.  12  E.,  a  quarter  of  a  mile  up  the  slope  from 
the  Pick  and  Shovel  mine,  at  an  altitude  of  about  2,050  feet.  It  is  owned 
by  Mrs.  Grace  Thornberg.  According  to  Young,  the  deposit  is  a  concen- 
tration of  chromite  float  in  the  toe  of  a  landslide,  in  which  pieces  of 
chromite  have  been  found  to  a  depth  of  20  feet.  Most  of  the  ore  recovered, 
however,  has  come  from  the  surface  and  from  shallow  trenches.  The  mine 
was  active  in  the  years  from  1870  to  1890  and  in  1918;  incomplete 
production  records  indicate  that  as  much  as  250  tons  of  ore  may  have 
been  shipped  from  this  deposit. 

Sunshine  (Alviso,  Keeney)  Claims  (33) .  The  Sunshine  claims  are  in 
the  Si  sec.  34,  T.  29  S.,  R.  12  E.,  below  the  Pick  and  Shovel  mine,  and 
about  4  miles  by  road  from  Goldtree  Siding.  Several  small  showings  of 
chromite  lie  within  these  claims,  but  considerable  development  work 

M  Smith,  C.  T.,  and  Griggs,  A.  B.,  op.  cit.,  pis.  12  and  13. 
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during  World  "War  I  discovered  very  little  ore.  According  to  Young,  39 
tons  of  ore  averaging  38  percent  CroOs  was  mined  and  shipped  in  1917. 
Other  properties  in  the  Pick  and  Shovel  group  include  the  Cypress 
claim  (29).  the  Single  Jack  mine  (31),  and  the  Rawhide  (23). 

Seeley  Group 

Tlie  Seeley  group  consists  of  a  number  of  properties  including  the 
Central  claims  (Climax  or  Liberty,  Trout  Creek  No.  1  or  New  Discovery, 
Trout  Creek  No.  2,  Spring  Creek  No.  1  or  Luckv  Jack  or  Lucky  Jake) 
(28) ,  and  the  Crown  Point  (18) ,  Hilltop  (21 ) .  Ore  Bag  (30) ,  and  Outpost 
or  Old  Glory  (27)  claims.  They  are  located  in  T.  29  S.,  R.  12  B.,  in  an 
area  nearly  2  miles  long  on  the  crest  of  the  Santa  Lucia  Range,  in  the 
large  serpentinized  ultramafic  mass  that  is  exposed  about  6  miles  north 
of  San  Liiis  Obispo  (pi.  4).  In  1944  the  claims  were  held  by  C.  L.  Seeley 
and  George  Miller.  The  larger  properties  in  the  group  have  been  described 
in  some  detail  by  Smith  and  Griggs.^* 

Sweetwater-Norcross  Group 

The  properties  included  in  the  Sweetwater-Norcross  group  are  located 
near  the  crest  of  the  Santa  Lucia  Range,  about  6  miles  north  of  San  Luis 
Obispo.  Properties  in  addition  to  those  described  below  are  the  Eagle 
claim  (12),  Eucalyptus  Nos.  1  and  2  claims  (12),  Captain  deposit  (14), 
Chromic  Acid  No.  2  claim  (11),  Colonel  and  Moonbeam  No.  1  properties 
(12),  and  Tip  Top  deposit  (11). 

Eureka  (Leslie  Elberg)  Claim  (11).  The  Eureka  claim  is  in  sec.  11, 
T.  29  S.,  R.  11  E.,  adjoining  the  Sweetwater  mine  on  the  northwest. 
Young  visited  the  property  while  development  work  was  being  done,  and 
reported  that  there  were  faint  showings  of  chromite  in  the  trench  and  in 
the  tunnel  beneath  it,  but  not  a  pound  of  ore. 

Chromic  Acid  No.  1  (High  Grade)  Claim  (11).  The  Chromic  Acid 
No.  1  claim  is  in  sec.  12,  T.  29  S.,  R.  11  E.  Young,  in  describing  this 
deposit  as  the  High  Grade,  reported  that  it  was  a  new  discovery  in  1918. 
The  lower  showings  were  siliceous,  and  he  estimated  that  the  milling- 
grade  ore  contained  10  percent  or  more  CrgOs. 

Norcross  (Biaggini)  Mine  (15).  The  Norcross  mine  (fig.  5)  is  in 
the  NEi  sec.  13,  T.  29  S.,  R.  11  E.,  on  the  southwest  slope  of  the  Santa 
Lucia  Range.  The  mine  is  16  miles  by  road  from  San  Luis  Obispo,  of  which 
10.5  miles  is  paved,  3  miles  is  macadam,  and  2^  miles  is  mountain  dirt 
road.  The  property  is  owned  by  the  B.  Biaggini  Estate,  which  leased  it 
in  1942  to  E.  C.  Cazier  and  James  A.  Houlahan,  of  Beverly  Hills.  Prior 
to  1943  a  production  of  2,109  tons  of  ore,  mostly  concentrates,  is  credited 
to  the  Norcross  mine.  Much  of  this  ore  came  from  an  open  pit  100  feet 
long  and  from  10  feet  to  more  than  50  feet  wide.  Production  for  1943  and 
the  first  5  months  of  1944  was  407  tons,  all  lump  ore  that  averaged  39 
percent  Cr203  and  had  a  chromium-iron  ratio  of  about  2.3  to  1. 

During  mining  in  1943  and  1944,  the  open  pit  was  lengthened  to  200 
feet.  The  long  axis  of  the  pit  trends  N.  30°  E. ;  the  pit  is  V-shaped  and 
the  face  at  the  deeper,  north  end  is  40  feet  high.  Two  bodies  of  dissemi- 
nated ore  containing  small,  irregular  pods  and  stringers  of  massive 

"^  Smith,  C.  T.,  and  Griggs,  A.  B.,  op.  clt,  pp.  42,  43. 
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chromite  are  exposed  in  the  pit.  A  body  of  low-grade  ore  40  feet  south 
of  the  north  end  of  the  pit  strikes  N.  65°  E.  and  dips  almost  vertically. 
Disseminated  chromite  can  be  traced  for  50  feet  along  the  strike,  and  is 
exposed  to  a  height  of  20  feet  above  the  pit  floor  in  the  eastern  wall,  where 
the  ore  body  is  2  to  8  feet  wide.  The  other  ore  body  is  exposed  discon- 
tinuously  for  about  40  feet  in  tlio  flonr  along  the  east  side  of  the  pit.  It  ap- 
pears to  lie  horizontally,  has  an  average  thickness  of  4  feet,  and,  as  ex- 
posed in  two  sliort  tunnels,  is  at  least  10  feet  wide.  It  is  apparent  from 
Young's  report  that  ore  mined  from  the  Victory  No.  3  claim  and  the  West 
Noreross  mine  during  "World  War  I  were  included  in  production  figures 
for  the  Noreross. 

Stveet wafer  (San  Juan)  Mine  (11).  The  Sweetwater  mine  is  in  the 
SWi  sec.  12  and  SE^  sec.  11,  T.  29  S.,  R.  11  E.,  on  the  southwest  slope  of 
the  Santa  Lucia  Range,  at  an  altitude  of  1,500  feet.  It  is  owned  by  W.  "W. 
Pierce,  of  Morro.  In  1942,  a  now  road  was  built  to  the  mine  from  San  Ber- 
nardo Creek,  and  the  mine  can  now  be  reached  from  San  Luis  Obispo  by 
lOi  miles  of  paved  road,  3  miles  of  macadam  road,  and  3  miles  of  moun- 
tain dirt  road.  The  mine  is  described  by  Smith  and  Griggs  ^^  as  follows: 
.  .  .  Mining  operations  began  in  1917,  and  up  to  1941,  1,039  long  tons  of  concen- 
trates averaging  4(5  percent  Cr^Os  has  been  shipped  .  .  . 

The  mine  workings  comprise  five  open  pits  aligned  in  a  N.  G0°  W.  direction  over  a 
distance  of  325  feet,  five  tunnel  levels  below  and  to  the  north  of  the  pits,  and  a  tunnel 
connecting  the  two  easternmost  pits  with  a  crosscut  from  this  tunnel  to  the  surface. 
The  aggregate  length  of  chromite  outcrops  is  600  feet  and  their  vertical  range  1.50 
feet.  There  is  1,400  feet  of  tunneling,  with  five  small  stopes  from  which  pods  of 
massive  ore  have  been  extracted.   .   .  . 

The  chromite  ore  occurs  in  pods,  in  streaks  due  to  post-mineral  movement,  in  clots, 
and  as  discrete  grains.  The  minable  pods  are  elongate  narrow  bodies  containing 
from  less  than  a  hundred  to  several  hundred  tons  of  massive  ore.  They  are  connected 
by  zones  containing  grains  and  small  clots  of  disseminated  chromite.  and  remnants 
of  the  extracted  pods  grade  abruptly  into  barren  rock  or  disseminated  ore. 

The  ore  bodies  are  contained  within  a  mass  of  serpentinized  dunite,  which  is  sur- 
rounded by  peridotite;  the  dunite  forms  an  irregular  elongate  Iwdy  trending  north- 
westward. 

Sampling  by  the  LT.  S.  Bureau  of  Mines  in  1941  indicated  that  the 
ore  averages  about  7  percent  Cr203. 

Virfnri/  Nn.  ,9  (Sunrise  Xo.  3,  Bcrvardo  No.  3.  Mnzanitn)  Clniiw  (15). 
The  Victory  No.  3  claim  is  in  sec.  13,  T.  29  S.,  R.  11  E.,  about  1,500  feet  N. 
20°  W.  of  the  Noreross  mine.  In  December  1942  it  was  relocated  by  L.  A. 
Moran.  -T.  A.  Houlahan.  and  E.  C.  Cazier.  An  open  pit  on  the  claim  that  is 
125  feet  long,  40  feet  wide,  and  from  25  to  30  feet  deep,  suggests  that  large 
tonnages  of  chromite  were  mined  prior  to  1943,  but  there  are  no  detailed 
production  records  available.  In  194.3,  28  tons  of  ore.  having  a  Qr^O?,  con- 
tent of  40.8  percent  and  a  chromium-iron  ratio  of  2.65  to  1,  was  mined 
from  this  claim,  apparently  from  an  old  inclined  shaft  25  feet  north  of  the 
pit.  The  shaft  has  been  dug  at  an  angle  of  40°  ea.stward,  down  the  dip 
of  the  ore  zone  to  a  depth  of  20  feet.  The  ore  zone  dips  eastward  and  is  at 
least  5  feet  wide.  Nearly  half  of  the  chromite  is  almost  massive,  the  re- 
mainder is  disseminated.  Only  remnants  of  ore  have  been  left  in  a  stope 
10  feet  in  diameter  at  the  bottom  of  the  shaft.  Young  visited  the  property 
in  1918.  He  reports  that  the  deposit  had  been  discovered  earlier  in  the 
year  and  had  been  explored  by  six  cuts  for  a  distance  of  85  feet ;  the  ore 
zone  had  a  thickness  of  about  8  feet. 


«  Smith,  C.  T.,  and  Griggs,  A.  B.,  op.  clt,  pp.  36-37. 
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West  Nor  cross  (Brooklyn)  Mine  (15).  The  West  Noreross  mine  is 
located  between  the  Noreross  mine  and  the  Victory  No.  3  claim,  ia  sec. 
13,  T.  29  S.,  R.  11  E.  It  is  owned  by  J.  A.  Houlahan  and  E.  C.  Cazier.  The 
only  recent  work  was  done  in  1943,  when  an  old  inclined  shaft  at  the 
southeast  end  of  the  pit  was  reopened  for  15  feet  down  the  dip  of  the  ore. 
The  ore  zone  dips  45°  to  the  northeast  and  averages  about  2  feet  in  width ; 
it  consists  of  disseminated  ore  containing  stringers  and  small  pods  of 
massive  chromite.  The  ore  pinches  out  at  the  foot  of  the  shaft. 

San  Luis  Obispo-Arroyo  Grande  Area 

Donovan  Ranch  Deposit.  The  Donovan  Ranch,  owned  by  Agnes  Dono- 
van is  on  U.  S.  Highway  101,  2  miles  southeast  of  Arroyo  Grande.  Young 
reported  two  small  occurrences  of  chromite  within  an  area  of  serpentine 
about  an  acre  in  extent. 

Goldtree  Vineyard  Mine.  The  Goldtree  Vineyard  mine  is  2  miles 
east  of  San  Luis  Obispo  on  the  steep  southwestern  slope  of  a  serpentine 
ridge.  In  1917  several  very  small  pods  of  chromite  were  taken  out  at  this 
locality.  No  chromite  can  be  seen  in  place;  a  few  small  pieces  of  float 
are  scattered  over  the  surface. 

Isom  Ranch  Deposit.  Some  float  and  a  small  stringer  of  chromite  were 
reported  by  Young,  on  the  i-aneh  of  Dave  Isom,  3i  miles  northeast  of 
Edna. 

Johnson  Ranch  Deposit  (35).  The  Johnson  Ranch  deposit  is  in  the 
N|  sec.  10,  T.  30  S.,  R.  12  E.,  on  the  southwest  slope  of  a  ridge  of  serpen- 
tine 3  miles  north  of  San  Luis  Obispo.  Mrs.  R.  F.  Johnson,  of  San  Luis 
Obispo,  ovms  the  property.  During  World  War  I  two  stringers  of  chro- 
mite were  mined  out  by  means  of  two  open  cuts  and  two  tunnels  under  the 
cuts.  Only  small  remnants  of  the  irregular  ore  bodies,  which  contained 
disseminated  and  massive  ore,  remain  in  the  cuts.  A  third  tunnel,  80 
feet  below  the  lower  occurrence  and  220  feet  long,  was  dug  in  barren 
serpentine  for  its  entire  length.  Total  production  was  estimated  at  40 
long  tons  of  rather  low  grade  siUeeous  ore. 

Lucky  Strike  Mine  (36).  The  Lucky  Strike  mine  is  in  sec.  19,  T.  30 
S.,  R.  13  E.,  on  property  belonging  to  H.  ilehlman.  It  is  on  the  west  slope 
of  a  serpentine  hill  about  3  miles  northeast  of  San  Luis  Obispo  and  a 
quarter  of  a  mile  east  of  U.  S.  Highway  101.  The  larger  of  two  showings 
was  a  pod  of  massive  chromite  with  sharp  boundaries.  It  was  10  feet  by 
16  feet  at  its  largest  horizontal  section,  and  was  pinching  out  rapidly 
at  a  depth  of  12  feet  when  seen  by  Young  in  July  1918.  At  that  time, 
80  long  tons  averaging  43  percent  Cr^Os  had  been  mined  from  the  pod. 
A  quarter  of  a  mile  south  of  this  pod,  a  stringer  of  nearly  massive 
chromite,  1  foot  wide,  was  exposed  for  a  distance  of  15  feet. 

About  3  tons  of  float  chromite  was  picked  up  on  the  east  side  of  the 
same  hill,  on  property  belonging  to  Jack  Low.  About  200  feet  of  tunnels 
and  400  feet  of  open  cuts  were  dug  following  up  the  float,  but  no  chromite 
was  found  in  place. 

Steele  Ranch  (Rancho  Santa  Manuela)  Deposit.  The  Steel  Ranch 
deposit  is  7  miles  northeast  of  Arroyo  Grande  by  road,  the  last  mile  of 
which  is  dirt.  It  is  located  on  part  of  the  old  Santa  Manuela  land  grant 
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belonging  to  Mrs.  Susie  Steele.  Prior  to  World  "War  I  a  reported  150 
to  200  long  tons  of  massive  ehromite  was  collected  from  the  surface  and 
taken  out  of  several  open  cuts  and  short  tunnels.  Since  that  time  there 
has  been  little  or  no  work  done  on  the  deposit.  Patches  of  disseminated 
ore  still  show  in  the  two  larger  cuts,  and  considerable  float  is  scattered 
over  the  southwest  slope  of  the  hill  below  the  workings.  The  deposit 
occurs  in  an  elongate  mass  of  serpentine,  which  is  about  600  feet  wide 
at  this  locality. 

San  Luis  Range  Area 

Froom  Ranch  Deposit  (38) .  The  Froom  Ranch  deposit  is  on  the  east 
slope  of  Mine  Hill,  about  1  mile  southeast  of  the  Sousa  Ranch  deposits, 
and  3  miles  southwest  of  San  Luis  Obispo  (5  miles  by  road).  The  prop- 
ert.y  belongs  to  John  Froom,  who  leased  it  in  1942  to  the  Burdum  Mining 
Co.,  (II.  V.  Burgard,  president),  of  Riverside.  At  that  time,  an  unsuc- 
cessful attempt  was  made  to  mine  the  residual  deposit  on  the  flat  just 
below  the  old  open  cuts.  This  flat  is  100  to  200  feet  wide  and  550  feet 
long,  and  has  a  soil  mantle  1  foot  to  2  feet  thick.  Chromite  float,  ranging 
in  size  from  sand  grains  to  boulders  of  several  pounds,  probably  makes 
up  20  percent  of  the  soil  mantle. 

Sousa  Ranch  Deposits.  The  Sousa  Ranch  deposits  are  near  the  top  of 
Mine  Hill,  3^  miles  (direct  line)  southwest  of  San  Luis  Obispo,  but  7^ 
miles  by  road.  They  are  within  the  old  Laguna  land  grant  on  property 
owned  by  Virginia  L.  Sousa,  who  leased  them  to  Todd  B.  Elliot  in  1942. 
Since  that  time,  up  to  June  1944,  47  long  tons  of  lump  ore  averaging  45 
percent  CroOs,  with  a  chromium-iron  ratio  of  3.2  to  1,  has  been  produced. 
The  total  recorded  production,  for  the  World  War  I  and  World  War  II 
periods,  is  83  long  tons,  which,  from  the  amount  of  workings,  appears 
to  be  but  a  small  percentage  of  the  total  production.  Most  of  the  chromite 
was  mined  during  the  1880 's  and  early  1890 's,  but  there  are  no  available 
records  of  this  early  production.  The  workings  consist  of  numerous  open 
pits  aligned  along  four  parallel  zones  trending  northwest,  and  two  short 
tunnels.  Apparently  most  of  the  ore  was  massive  and  occurred  in  pods 
having  a  vertical  attitude.  In  two  places,  however,  the  ore  was  nodular. 

Santa  Barbara  County 

Except  for  reported  occurrences  near  Point  Sal,  aU  the  known  ehromite 
deposits  in  Santa  Barbara  County  are  restricted  to  the  mimerous  north- 
west-trending serpentine  bodies  exposed  in  the  San  Rafael  Mountains 
(see  fig.  1)  between  the  Sisquoc  and  Santa  Ynez  Rivers  (pi.  5).  The  ser- 
pentine bodies  occur  in  a  belt  of  the  Franciscan  formation  that  extends 
N.  40°-50°  W.  for  nearly  30  miles  from  a  point  6  miles  north  of  Santa 
Barbara.  This  belt  of  Franciscan  rocks  has  been  mapped  only  in  part, 
and  therefore  only  the  larger  and  more  accessible  serpentine  bodies  have 
been  delineated.  It  has  been  reported  by  T.  W.  Dibblee,  Jr.,^^  however, 
that  many  smaller,  unmapped  masses  of  serpentine  occur  in  this  belt. 
In  some  outcrops  the  serpentine  is  so  highly  sheared  and  altered  that  the 
variety  of  original  ultramafic  rock  cannot  be  determined.  In  other  out- 
crops unaltered  minerals  and  primary  textures  indicate  that  the  serpen- 
tine was  derived  from  both  saxonite  and  dunite. 


=^  Written  communication,  1951. 
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Production  of  764  long  tons  of  chromite  is  recorded  for  the  county 
(table  2)  ;  much  of  this  has  been  found  on  the  surface  as  boulders  and  as 
detached  masses  in  landslides.  At  the  Bacon  and  Eagle  mines  and  the 
Roberts  claims,  some  disseminated  ore  and,  locally,  small  bunches  of 
massive  chromite  have  been  developed.  Shipping  of  chromite  has  been 
limited  mainly  to  two  periods :  in  1918,  when  446  long  tons  of  ore  was 
produced,  and  from  1934  to  1942  when  318  long  tons  was  shipped  to  the 
Columbia  Steel  Co. 

Bacon  (0  and  B)  Mine  (5).^'^  The  Bacon  mine  is  in  the  NW^  sec.  7, 
T.  7  N.,  R.  29  W.,  in  Corrales  Canyon,  at  an  altitude  of  about  2,100  feet. 
Gaviota,  the  nearest  shipping  point,  is  34  miles,  by  road,  to  the  southwest. 
J.  P.  Bacon,  of  Santa  Barbara,  who  holds  the  property  by  location, 
shipped  36  long  tons  of  ore  that  he  picked  up  at  the  mine  in  1942.  It  is 
]"eported  that  870  long  tons  of  ore  was  shipped  during  World  War  I; 
this,  plus  a  small  amount  mined  in  1934,  would  make  a  total  production 
through  1942  of  nearly  1,000  long  tons;  the  recorded  total,  however,  is 
only  488  long  tons. 

Wlien  the  mine  was  visited  in  1942,  no  recent  work  had  been  done  and 
very  little  chromite  could  be  seen  in  place.  The  most  informative  descrip- 
tion of  the  mine  is  by  Young,^'  who  visited  the  mine  in  1918,  when  it 
was  being  operated.  He  writes : 

The  ore  body  is  a  lenticular  mass  with  a  strike  of  N.  80°  E.  and  a  dip  as  high  as 
45°  to  the  north.  It  is  opened  b.v  an  open  cut,  the  face  of  which  has  been  carried 
northward  from  creek  level  for  about  20  feet.  The  floor  of  the  open  cut  is  about  eight 
feet  below  the  former  outcrop  of  the  ore  body.  The  thickness  of  ore  exposed  now 
varies  from  a  few  inches  to  four  feet. 

The  ore  is  largely  high  grade,  but  disseminated  ore  of  a  lower  grade  is  present,  the 
most  noteworthy  mass  of  which  lies  on  the  hanging  wall  side  of  the  ore  body  near 
its  west  end.  It  is  called  'birds-eye'  ore  by  the  miners  aud  consists  of  rounded  masses 
of  pure  chromite,  up  to  one  quarter  of  an  inch  in  diameter  in  a  matrix  of  green 
serpentine.  .  .  . 

.  .  .  Across  the  creek,  immediately  south  of  the  main  working,  a  small  amount  of 
chromite  has  been  found  as  pellets  up  to  one  half  inch  in  diameter  in  yellow,  decom- 
posed serpentine.  The  pellets  probably  carry  30  percent  Cr,j,0,  as  considerable  ser- 
pentine is  contained  within  them. 

About  150  feet  above  the  main  workings,  small  masses  of  high  grade  chromite 
have  been  found  in  the  serpentine  on  the  south  bank  of  the  creek.  One  hundred  feet 
further,  'birds-eye'  chrome  of  extremely  coarse  grain  up  to  one  inch  diameter,  has  been 
found  in  small  amounts. 

Bull  Bun  Prospect  (3).  The  Bull  Run  prospect  is  in  sec.  5  ( ?),  T.  7  N., 
R.  29  W.,  about  a  mile  north  of  the  Bacon  mine.  The  only  chromite  found 
on  this  claim  was  a  50-pound  boulder  lying  on  chert. 

Eagle  Mine  (6).  The  Eagle  mine  is  in  sec.  10,  T.  7  N.,  R.  29  W.,  on  a 
ridge  west  of  Cachuma  Creek.  It  was  located  by  C.  E.  Lee  and  associates, 
who  worked  it  in  1918.  Small  bunches  of  massive  and  disseminated  chro- 
mite occur  within  a  zone  of  sheared  serpentine,  striking  north  and  dip- 
ping 60°  west.  About  3  tons  of  rather  poor  grade  shipping  ore  had  been 
taken  out  of  30  feet  of  underground  workings  along  this  zone  when 
Young  ^^  examined  the  mine  in  1918.  The  deposit  was  considered  un- 
promising because  of  the  low  grade  and  scattered  distribution  of  the 
chromite. 


^  Numbers  in  parentheses  refer  to  plate  5  and  table  3. 

='  Young,  E.  L.,  Unpublished  reports  for  U.  S.  Bureau  of  Mines   (1918),  In  files  of  Cali- 
fornia Div.  Mines. 
»  Young,  E.  L.,  op.  cit. 
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Fairview  (Acachuma,  Los  Olivos)  Prospect  (8).  T}ie  Fairview  pros- 
pect is  in  sec.  15,  T.  7  N.,  R.  29  AV.,  on  the  -n-est  side  of  Cachuma  Creek. 
Chroraite  float  was  scattered  over  a  large  area,  but  none  was  seen  in  place 
when  Young  visited  the  prospect  in  1918.  A  total  of  16  tons  was  shipped 
from  this  prospect ;  6  tons  was  float  and  10  tons  was  taken  from  a  pile  near 
an  old  cut. 

Montinero  (La  Lagiina  Ranch)  Prospect  (4).  The  Slontinero  pros- 
pect is  in  the  south  center  of  sec.  1,  T.  7  N.,  R.  30  W.,  in  Rancho  La  La- 
guna.  It  is  about  1  mile  northeast  of  the  Bacon  mine  and  is  served  by  the 
same  road.  It  was  one  of  the  chromite  properties  controlled  by  James 
O'DonncU  and  Robert  Byrne  during  World  War  I.  When  E.  L.  Young 
visited  the  property-  in  August  1918.  about  40  tons  of  massive  float  chro- 
mite liad  been  collected.  The  float  was  found  in  slide  areas  on  three  sides 
and  near  the  top  of  a  hill,  within  an  area  not  more  than  1,200  feet  square. 
Some  chromite  cropped  out  in  sheared  serpentine  just  below  the  summit 
of  the  hill ;  this  outcrop  may  have  been  the  source  of  the  float. 

Roberts  Claims.  The  Roberts  claims— Pine  Chrome,  Look-out  Chrome, 
and  Fir  Chrome— are  in  sec.  29(  ?),  T.  8  N.  R.  29  W.,  on  the  steep  ridge 
south  of  Sunset  Valley-,  between  Munch  and  Fir  Canyons.  They  are  held 
by  location  by  H.  L.  Roberts  and  Nelson  Taylor,  of  Santa  Barbara.  The 
claims  are  68  miles  from  Gaviota  by  road :  20  miles  paved,  33  miles 
gravel,  and  15  miles  Forest  Service  dirt  road.  Fourteen  shallow  cuts  have 
been  dug  on  these  claims  at  places  where  float  was  found,  but  the  only 
chromite  seen  in  place  occurred  as  small  bunches  in  a  shear  zone  in  a 
73-foot  tunnel.  The  float  probably  came  from  the  same  sliear  zone  in  ser- 
pentine, but  the  bunches  are  small  and  so  scattered  that  it  is  doubtful 
whether  thej'  merit  further  prospecting.  In  1942  35  tons  of  massive  float 
ore  was  shipped. 

Zaca  Lake  Prospect  (1).  Zaca  Lake  prospect  is  in  sec.  15,  T.  8  N.,  R. 
30  W.,  on  the  north  side  of  Zaca  Peak.  A  pod  containing  about  1  ton  of 
chromite  was  mined  out  at  this  locality  in  1918.  Nothing  more  was  found 
by  further  prospecting. 

Other  reported  chromite  occurrences  in  this  area  are  the  Scrub  Oak 
claim,  in  the  E^  SEi  see.  31,  T.  8  N.,  R.  29  W. ;  Red  Bluff  claim,  in  sec. 
32,  T.  8  N.,  R.  29  W. ;  Mesa  claim,  in  sec.  8,  T.  7  N.,  R.  29  W.,  and  Chicken 
Spring  claim,  in  sec.  15,  T.  7  N.,  R.  29  W. 

Deposits  in  Vicinity  of  Point  Sal.  Although  chromite  deposits  are 
reported  to  occur  in  the  hills  southwest  of  Point  Sal,  inquiries  failed  to 
elicit  specific  information,  and  no  samples  from  this  area  were  seen. 

Santa  Clara  County 

Topographically,  Santa  Clara  County  can  be  divided  into  three  parts : 
the  Diablo  Range  to  the  east,  the  Santa  Cruz  Mountains  to  the  west,  and 
the  Santa  Clara  Valley,  a  down-faulted  block  lying  between  them  (fig.  1). 
The  valley  is  highly  developed  by  roads  and  the  Santa  Cruz  Mountains 
are  accessible  by  a  number  of  dirt  and  paved  roads,  whereas  most  of  the 
Diablo  Range  is  inaccessible  to  vehicles.  Much  of  the  valley  floor  is 
covered  by  alluvium,  but  in  the  foothills  adjacent  to  the  valley  there  are 
exposures  of  Tertiary  and  Cretaceous  sedimentary  rocks.  South  of  San 
Jose,  the  alluvial  belt  narrows,  and  pre-Cretaceous  rocks  and  associated 
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ultramafie  intrusive  rocks  are  exposed  in  the  low-lying  foothills  adjacent 
to  the  valley  floor.  One  narrow,  attenuated,  apparently  continuous  mass 
of  serpentine  extends  for  18  miles  along  the  eastern  foothills  from  the 
town  of  Morgan  Hill  northward  to  the  vicinity  of  San  Jose.  The  moun- 
tainous region  to  the  east  of  the  Santa  Clara  Valley  is  known  to  contain 
large  areas  underlain  by  pre-Cretaeeous  rocks,  but  in  this  area  little  de- 
tailed geologic  mapping  has  be^n  done.  One  ultramafie  mass  nearly  8 
miles  long  with  a  maximum  width  of  If  miles  is  crossed  by  the  road  in 
Canyon  del  Puerto  (Puerto  Creek)  in  the  Diablo  Range.  This  mass,  which 
has  been  mapped  in  some  detail,  includes  Red  Mountain,  the  site  of  an 
important  magnesite  deposit  that  is  described  by  Bodenlos.^^  It  seems 
probable  that  other  ultramafie  bodies  containing  concentrations  of  chro- 
mite  will  be  found  in  the  remote  mountainous  areas. 

The  first  recorded  interest  in  the  ehromite  deposits  of  Santa  Clara 
Coimty  was  in  the  early  1880 's.  This  interest  centered  in  the  vicinity  of 
the  New  Almaden  and  Guadalupe  quicksilver  mines,  where  prospectors 
continued  to  look  for  new  deposits  of  cinnabar  in  the  northwest-trending 
masses  of  serpentinized  ultramafie  rock  that  are  characteristic  of  the 
region.  Later,  the  field  of  exploration  was  extended  to  the  serpentine 
masses  lying  southeast  of  the  Almaden  area,  to  the  masses  near  Coyote, 
and  to  the  extensive  ultramafie  sheet  that  crosses  Red  Mountain  in  the 
northeast  corner  of  the  county  (pi.  2) . 

Production  of  ehromite  from  Santa  Clara  County  was  small  prior  to 
World  War  I,  probably  totaling  less  than  200  long  tons,  though  it  is  re- 
ported by  Irelan  '"'  that  between  100  and  200  tons  of  ore  was  shipped  from 
the  Hahn  Ranch  deposits  before  1888.  In  the  period  from  1915  to  1920, 
however,  a  number  of  mines  and  prospects  were  being  operated  and  pro- 
duction both  from  ore  in  place  and  from  float  boulders  totaled  about  500 
tons  of  ehromite.  Most  of  the  ore  contained  less  than  45  percent  Cr203, 
but  locally  small  amounts  contained  as  much  as  54  percent  Cr^Oa.  No 
production  has  been  reported  since  1920,  indicating  that  the  ehromite 
existing  near  the  surface  at  these  mines  was  probably  exhausted. 

Greenwalls  Property.  In  l896,  T.  B.  Greeuwalls  owned  a  small  ehro- 
mite property  in  T.  9  S.,  R.  1  W.,  in  the  foothills  west  of  the  Southern 
Pacific  Railroad  about  16  miles  south  of  San  Jose.  The  deposit  was  de- 
veloped by  surface  workings  and  a  tunnel  60  feet  long  in  sheared  serpen- 
tine. Production  probably  totaled  less  than  150  tons  for  this  property. 

Hahn  Ranch  Deposits.  On  the  Pueblo  Lands  of  the  City  of  San  Jose, 
in  T.  8  S.,  R.  1  E.,  about  12  miles  south  of  the  city,  some  20  acres  of  land 
was  prospected  and  worked  for  ehromite  by  open  cuts  prior  to  1888.  It 
is  reported  that  between  100  and  200  tons  of  ore  was  shipped  from  this 
property  via  the  Guadalupe  Narrow  Gauge  Railroad.  Apparently  the 
ehromite  occurred  as  stringers  in  a  bluish  sheared  serpentine.  One  of  these 
stringers  is  said  to  have  been  about  2  feet  thick. 

Kilday  Ranch  Deposits  (12).^'^  The  Kilday  Ranch  deposits  are  about 
8  miles  southeast  of  Los  Gates,  Calif.,  in  see.  32,  T.  8  S.,  R.  1  E.,  and  sec. 
5,  T.  9  S.,  R.  1  E.  These  deposits  were  worked  by  open  cuts  and  trenches 

■•"  BodenloR,  A.  J.,  Geology  of  the  Red  Mountain  magnesite  district,  Santa  Clara  and 
Stanislaus  Counties,  California:  California  Jour.  Mines  and  Geology,  vol.  46,  no.  2, 
pp.  223-27S.  1960. 

'"  Trelan,  William,  Jr.,  op.  cit.,  p.  549. 

"'  Numbers  in  parentheses  refer  to  plate  2  and  table  3. 
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from  about  1915  to  1918  by  M.  J.  Kilday.  In  1916  about  80  tons  of  chro- 
mite  was  mined  and  shipped  by  the  Parish  Co.  (lessor),  of  San  Franeiseo. 
Total  production  probably  amounts  to  175  tons  of  chroinite. 

The  chromite  in  these  deposits  commonly  contained  less  than  45  per- 
cent Cr.jOa  and  occurred  as  small  lenses  and,  locally,  a  few  small  stringers 
in  sheared  and  decomposed  serpentine. 

Laurel  Lake  Ranch  Deposits  (13).  J.  A.  Ferbrache,  of  Gilroy,  de- 
veloped deposits  of  chromite  in  sec.  20,  T.  10  S.,  R.  3  E.,  on  a  serpentine 
ridge  south  of  Uvas  Creek.  The  deposits  Avere  worked  by  open  cuts  and 
adits.  The  first  chrome  ore  was  shipped  in  1917,  and  by  1920  a  total  of 
about  196  tons  had  been  sold. 

Associated  with  the  serpentine  are  oliviiie-rich  peridotites,  which  are 
also  somewhat  serpentinized.  Some  chromite  was  found  in  the  serpentine, 
though  early  production  was  from  bouldei's  found  on  the  slope  below  the 
serpentine  ridge. 

Western  Magnesite  Co.  Property.  In  1918  "W.  Balkan  was  operating 
chromite  deposits  under  a  lease  on  the  property  of  the  Western  Magnesite 
Co.  The  deposits  occur  near  the  summit  of  Red  Mountain  in  sec.  4,  T.  6 
S.,  R.  5  E.,  about  35  miles  by  road  from  Livermore  (pi.  8).  There  is  no 
record  of  the  amount  of  ore  shipped,  but  in  1918  about  20  tons  of  ore 
containing  35  percent  Cr203  had  been  mined  from  a  pit  on  this  property. 

The  chromite  occurs  as  granular  stringers  and  disseminated  grains  in 
partly  serpentinized  dunite  lenses.  The  dunite  lenses  are  in  a  peridotite 
mass  that  trends  northwest  across  the  summit  of  Red  Mountain.  The 
deposits  are  small  and  the  chromite  is  of  low  grade. *- 

Winship  Properties  (1).  The  Winship  properties,  owned  by  the  K.  D. 
"Wiuship  Estate  and  operated  bj^  various  lessees,  are  located  in  the  SWJ 
sec.  7,  T.  6  S.,  R.  5  E.  and  in  see.  11  and  12,  T.  6  S.,  R.  4  E.  The  nearest 
railroad  shipping  point  is  Livermore,  30  miles  northwest  by  the  Arroyo 
Mocho  road.  The  chromite  ore,  most  of  which  contained  less  than  35 
percent  Qv^Oi,  was  found  in  several  localities.  The  ore  occurred  in  serpen- 
tine as  stringers  and  lenses ;  some  of  the  lenses  were  as  much  as  1  foot 
thick.  The  deposits  were  developed  mainly  by  open  cuts,  though  some 
underground  mining  was  done  to  explore  beneath  outcrops  of  chromite. 
In  the  summer  of  1917,  Holbrook  &  McGuire  (sublessees)  are  reported 
to  have  shipped  several  carloads  of  ore  from  this  property,  though  some 
or  all  of  this  ore  may  have  come  from  just  across  the  boundary  in 
Stanislaus  County.  T.  S.  O'Brien  of  San  Francisco,  leased  the  deposits 
in  sec- 11  and  in  September  1918  constructed  a  SO-ton  concentrating 
mill.  Probably  not  more  than  290  long  tons  of  ore  has  been  produced 
from  these  properties,  though  it  is  reported  that  245  long  tons  was  shipped 
in  1917. 

Santa  Cruz  County 

The  only  production  of  chromite  recorded  from  Santa  Cruz  County 
has  been  from  the  concentration  of  beach  sands.^*  In  1918,  the  Seashore 
Metals  Syndicate  was  operating  a  125-ton  magnetic-separation  plant 
on  the  beach  approximately  8  miles  north  of  Watsonville.  During  a 

'«  Bodenlos,  A.  J.,  op.  cit,  p.  274. 

"  Boalich,  E.  S.,  Manganese  and  chromium  :   California  State  Min.  F.ur.,  I'relim.  Rept.  3, 
2ded..  p.  34,  1918. 
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working  day,  about  5  tons  of  chrome  concentrate  was  recovered,  which 
averaged  48  percent  CroOs  and  less  than  1  percent  SiOa-  Other  materials 
that  were  being  recovered  included  magnetite,  titanium,  gold,  and 
platinum. 

Stanislaus  County 

Chromite  was  discovered  in  western  Stanislaus  County  (pi.  2)  shortly 
before  1916,  and  has  been  mined  intermittently  since  that  time.  Most  of 
the  production  from  this  county  came  from  mines  in  a  peridotite  mass 
in  the  Del  Puerto  area  in  T.  6  S.,  R.  5  E.  The  chromite  deposits  of  the 
Del  Puerto  area  have  been  completelj'  described  in  a  recent  report  by 
Hawkes,  Wells,  and  Wheeler.'^* 

Total  production  from  the  Del  Puerto  area  during  the  period  1916-1918 
was  about  3,600  tons  of  ore  containing  40  percent  or  more  CroOs  and 
2,000  tons  of  milling  ore  averaging  20  percent  Cr20.'i.  Most  of  the  mill- 
ing ore  was  treated  at  the  Chrome  Concentrating  Co.  mill,  which  was 
owned  by  F.  E.  Harrison,  "W.  R.  Struck,  and  J.  T.  Carter,  of  San 
Francisco.  The  mill  was  21  miles  west  of  Patterson.  There  is  no  record 
of  chromite  production  in  the  county  from  1919  to  1939 ;  in  1940  and  1941 
a  total  of  178  tons  of  ore  was  shipped. 

During  World  War  I  the  chromite  was  shipped  via  the  Patterson  & 
Western  Railroad  to  Patterson  which  is  located  on  the  Southern  Pacific 
Railroad.  In  1941,  the  Patterson  &  Western  was  no  longer  in  operation 
and  the  area  was  accessible  only  by  way  of  a  graded  dirt  road  from 
Patterson,  the  shipping  point  for  the  mines. 

All  the  more  productive  chromite  mines  are  located  in  a  body  of  ultra- 
mafic  rocks  8  miles  long  and  approximately  14  miles  wide,  which  consists 
of  dunite,  peridotite,  pyroxenite,  serpentine  derived  from  these  rocks,  and 
intrusive  gabbro.  The  ultramafic  mass  trends  N.  70°  W.  across  Red 
Mountain  on  the  Stanislaus-Santa  Clara  county  line.  The  well-known 
Red  Mountain  magnesite  deposits,  as  well  as  occurrences  of  chromite, 
are  located,  in  this  mass,  on  the  west  slope  of  Red  Mountain  in  Santa 
Clara  County.  Canyon  del  Puerto  (Puerto  Creek),  in  Stanislaus  County, 
transects  the  ultramafic  mass  to  a  depth  of  2,600  feet,  exposing  a  good 
section  of  the  mass  and  thereby  permitting  Hawkes "'  to  map  in  detail 
the  dunitic  members  of  the  ultramafic  complex  which  contain  the  chromite 
deposits.  Much  of  the  remainder  of  the  ultramafic  mass  has  been  mapped 
in  a  more  general  way  bj-  Bodenlos,"^  so  that  its  geology  is  well  known 
(pi.  8).  Throughout  most  of  its  periphery  the  body  is  in  fault  contact 
with  the  Franciscan  formation,  but  it  is  believed  to  be  truly  intrusive 
into  the  Franciscan.  Along  part  of  the  eastern  margin,  the  ultramafic 
body  is  covered  by  overlapping  Cretaceous  sedimentary  rocks.  Appar- 
ently the  body  lies  in  the  crest  of  an  anticline  of  Franciscan  rocks,  but 
the  mapping  by  Hawkes  shows  that  the  southern  contact,  which  shows 
fault  relationships,  dips  steeply  across  the  Franciscan  structure.  High- 
grade  massive  and  granular  chromite  occurs  as  pods  and  irregular  bodies 
in  zones  of  shearing ;  lower-grade  chromite  occurs  as  grains  disseminated 
in  the  serpentinized  dunite.  Locally,  tiny  crystals  of  uvarovite  are  found 
as  coatings  on  slickensided  fractures  in  the  chromite. 


'•Hawkes,  H.  E.,  Jr.,  WeUs,  F.  G.,  and  WTieeler,  D.  P.,  Jr.,  Chromite  and  quicksilver  de- 
posits of  the  Del  Puerto  area,  Stanislaus  County,  California  :  U.  S.  Geol.  Survey  BulL 
MS6-D,  pp.  79-110,  1942. 

«  Hawkes,  H.  E.,  Jr.,  Wells,  F.  G.,  and  Wheeler,  D.  P.,  Jr.,  op.  cit.,  pi.  10. 

"  Bodenlos,  A.  J.,  op.  cit.,  pi.  38. 
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Five  of  the  six  largest  producers  in  the  Del  Puerto  area — the  Adobe 
Canj'on  and  Black  Bart  groups,  and  the  Black  Bear,  Lucky  Girl,  and 
No.  5  mines — were  held  by  the  West  Coast  Chrome  Co.,  of  San  Francisco 
in  1940,  though  all  these  properties  were  active  under  other  owners  or 
operators  in  the  years  1916  to  1919. 

Adobe  Canyon  Group  (McGuire  et  al.  Deposits,  or  Mcuntain  View  and 
Gray  Fox  Claims)  (6).^'  The  Adobe  Canyon  group,  formerly  known 
as  the  ilcGuire  et  al.  deposits  or  the  Mountain  View  and  Gray  Fox 
claims,  is  located  in  the  SWj  see.  14,  the  SEi  sec.  15,  and  the  NEi  sec.  22, 
T.  6  S.,  R.  5  E.,  on  the  northeast  side  of  Adobe  Creek.  The  property  was 
worked  under  a  lease  during  World  War  I,  when  it  was  at  the  height 
of  its  production,  by  the  Ilolbrook,  McGuire  &  Springer  Co.,  of  San 
Francisco.  At  that  time,  development  consisted  of  a  number  of  short 
adits  and  open  cuts ;  at  the  time  of  the  U.  S.  Geological  Survey  investiga- 
tion in  1940,  most  of  the  workings  had  caved.  Total  production  from  the 
property  is  said  to  have  been  about  500  tons  of  ore. 

A  fairly  large  body  of  low-grade  chromite,  consisting  of  disseminated 
grains  in  the  serpentinized  dunite,  is  said  to  have  contained  25  to  30 
percent  Cr203.  Contained  in  this  body  of  low-grade  material  were  lenses 
and  irregular  masses  of  higher-grade  ore.  Production  came  both  from 
sorted  high-grade  material  and  from  the  concentration  of  the  lower 
grade  ore. 

BlacT;  Bart  Group  (3).  In  1941  the  West  Coast  Chrome  Co.,  of  San 
Francisco,  held  the  chromite  property  known  as  the  Black  Bart  group. 
The  deposits  are  in  sec.  16,  T.  6  S.,  R.  5  E.,  on  the  north  side  of  Hideout 
Creek,  and  are  probably  the  same  deposits  that  were  worked  in  1918  by 
J.  H.  Platner.  The  property  was  exploited  by  open  pits,  five  short  adits, 
and  some  underground  stoping  on  a  shear  zone  in  serpentine.  The  shear 
zone  strikes  approximately  east,  and  dips  north  at  angles  ranging  from 
40°  to  80°.  Most  of  the  chromite  is  in  massive  blocks  mixed  with  barren 
serpentine  along  the  zone  of  shearing ;  the  ore-bearing  zone  is  continuous, 
but  it  varies  in  width  between  1  foot  and  6  feet.  A  total  of  414  tons  of 
chromite  containing  about  35  percent  CroOs  is  said  to  have  been  pro- 
duced from  these  deposits. 

Black  Bear  Mine  (7).  The  Black  Bear  mine,  in  the  central  part  of 
sec.  22,  T.  6  S.,  R.  5  E.,  was  held  in  1941  by  the  West  Coast  Chrome  Co. 
The  mine  was  worked  mainly  in  1918,  and  a  total  of  about  342  tons  of 
ore  averaging  50  percent  CroOs  was  produced. 

Workings  consisted  of  open  pits,  adits,  and  some  narrow  stopes,  which 
explored  along  an  east-striking  shear  zone  in  dunite.  The  ore  body  aver- 
aged approximately  18  inches  in  width  throughout  most  of  the  stoped 
areas. 

Chrome  Camp  Mine  (4).  In  1917  the  Mineral  Products  Co.,  of  San 
Francisco,  operated  a  property,  known  in  1941  as  the  Chrome  Camp 
mine,  located  in  the  .southern  part  of  sec.  11,  T.  6  S.,  R.  5  E.  Chromite 
was  mined  from  two  separate  deposits  on  opposite  sides  of  a  hill  about 
400  feet  above  Puerto  Creek.  A  total  of  930  tons  of  ore  averaging  about 
40  percent  CraOs  is  said  to  have  been  produced  from  the  property. 

"^  Numbers  in  parentheses  refer  to  plate  2  and  table  3. 
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At  present  no  ore  is  visible  in  the  workings,  but  both  Young  '"^  and 
Ilawkes,  Wells,  and  Wheeler  ^*  indicate  that  the  ore  was  localized  along 
shear  zones,  one  of  which  is  located  on  the  contact  between  ultramafie 
rocks  and  the  Franciscan  formation. 

Lucky  Girl  Mine  (8).  Young''*  reported  that  in  1918  about  150 
tons  of  ore  averaging  42  percent  CroOa  had  been  shipped  from  the  Lucky 
Girl  mine,  which  is  located  in  the  northwest  corner  of  sec.  22,  T.  6  S., 
R.  5  E.,  on  the  north  side  of  Peachtree  Creek  in  the  Del  Puerto  area.  At 
that  time  the  property  was  owned  by  Mrs.  Z.  Vaughan,  of  Turloek,  and 
was  being  operated  by  P.  L.  Finster,  of  Patterson.  In  1941  the  mine  was 
held  by  the  West  Coast  Chrome  Co. 

The  deposit  was  M'orked  by  open  cuts  and  short  adits  along  a  shear  zone 
trending  N  80°  E.  in  a  septum  of  dunite  between  peridotite  and  the 
Franciscan  formation.  Lenses  and  pods  of  granular  and  massive  chromite 
as  much  as  2  feet  thick  occur  in  the  shear  zone,  which  extends  for  a 
distance  of  500  feet. 

No.  5  Mine  (5).  During  World  War  I,  the  Mineral  Products  Co.,  of 
San  Francisco,  developed  a  chromite  property  located  in  sees.  14  and  15, 
T.  6  S.,  R,  5  E.,  on  the  slopes  of  Canj'on  Del  Puerto  immediately  north- 
east of  the  junction  of  Puerto  Creek  and  Adobe  Creek.  In  1941  tlie  prop- 
erty was  known  as  the  No.  5  mine  and  was  held  by  the  West  Coast  Chrome 
Co.  The  property  contained  five  bodies  of  chromite ;  the  two  largest  were 
lenses  of  massive  chromite  from  which  the  Mineral  Products  Co.  is  said 
to  have  produced  about  1,200  tons  of  shipping  ore.  A  considerable  quan- 
tity of  lower-grade  ore  was  also  mined  from  this  property  and  concen- 
trated by  the  Chrome  Concentrating  Co.  mill;  about  270  tons  of  con- 
centrate averaging  51  percent  CroOs  was  produced  from  this  ore. 

The  ore  occurs  as  lenses  of  massive  chromite,  ranging  from  a  few  inches 
to  a  few  feet  in  thickness,  and  as  disseminated  tabular  bodies,  in  dunite. 
Most  of  the  workings  are  open  pits,  though  adits  and  stopes  have  been 
driven  on  some  of  the  more  extensive  lenses. 
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